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FOREWORD

In the early 1970s, a series of extensive evaporation ducting measurements was
conducted in different ocean areas. The purpose of the measurements was tc provide
data for model validations and to determine if existing climatologies could be used for
estimating the probability of occurrence for evaporation ducting conditions. Both
objectives were successfully met and documented in Naval Electronics Laboratory
Center (NELC) Technical Notes 2031. 2371. and 2569. (NELC was a predecessor of
the Naval Ocean Systems Center.)

Technical Notes carry a limited distribution statement and cannot be referenced in
documents approved for unlimited distribution. Because the information in Technical
Notes 2031. 2371. and 2569 is still extensively used, the Technical Notes have been
reissued in this NOSC Technical Document approved for unlimited distribution. As a
formal. Center-approved publication, this Technical Document can be referenced.

This reissue is presented in two volumes. Volume I presents Part 1: Results
from the Pacific Measurements (formerly NELC TN 2031) and Part II: Results from
the Key West Measurements (formerly NELC TN 2371). Volume 2 presents ?art !M.:
Results from the Mediterranean Measurements (formerly NELC TN 2569).
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SUMMARY

Radio propagation measurements in the 1-40 GHz frequency range were

performed during 1972 in the Eastern Mediterranean. A propagation link

between the islands of Mykonos and Naxos in the Aegean Sea was operated

during four measurement periods, each lasting approximately two weeks.

The receiver terminal was equipped with vertically spaced antennas in

order to obtain information on optimum shipboard antenna heights. The

measurements showed that evaporation ducting is an important phenomenon,

in particular for frequencies above S-band. For example, signal enhance-

ments from evaporation ducting were measured 99% of the time for X-band

frequencies. It was determined that the evaporation duct strongly affects

propagation for all shipboard antenna heights. Under conditions of

strong ducting, low sited antennas (e.g. 15 feet above mean sea level)

may receive higher signals than more conventional antenna heights (e.g.

60-70 feet above mel). For all measurements in the Mediterranean the low

sited X-band antenna received equal or higher signals than the high

antenna 47.4% of the time. During 20% of the time signals received at

the low sited X-band antenna exceeded those received on the high sited

antenna by 10 dB. From the measurements one may conclude that the optimum

location for an antenna is high on the ship. When economics justify two

antennas, an advantage can be obtained with both a high and low antenna.

The evaporation ducting effect appears to have a broad maximum in the

X- to Ku-band frequency range. Atmospheric absorption and sea surface

roughness apparently counteract the effectiveness of the duct expected at

higher frequencies.
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Simple meteorological measurements were found to be quite sufficient

to describe ducting conditions. Horizontal homogeneity of the duct was

found to be good for the propagation path used in this investigation.

Ductiug effects deduced from long term meteorologica] averages compared

well with the actual measurements, permitting estimates of ducting condi-

tions to be made for any oceanic area for which such statistical meteoro-

logical data are available.
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1. BACKGROUND

Parts I and II of this series of reports (references 1 and 2) described

microwave propagation measurements in the oceanic evaporation duct per-

formed off the California and Florida coast. Ducting conditions were found

to be significantly different in the two areas. At X-band antenna reversals

(i.e. an antenna 64' above mean sea level received less signal strength

than an antenna at 16' above mean sea level) occurred less than 10% of the

time in California and 60% of the time in Florida. The apparent depen-

dency of ducting conditions on geographic locations makes it important for

Naval operations to be able to estimate occurrence and effects of ducting

in various oceanic areas. As it is impractical to perform long term mea-

surements in all oceanic areas of interest, one has to rely on available

meteorological statistics. Available statistical meteorological data (from

sources like the National Weather Records Center in Ashville, North Carolina)

were not gathered with the accuracy one would like to describe evaporation

duct parameters. However, one can hope that in the absence of any constant

bias in the data the averages of long term statistical data are of suffi-

cient quality to make reliable judgements of evaporation ducting conditions.

In order to check this assumption, it was decided to perform extensive mea-

surements during one year in a strategically important area which encoun-

ters a wide range of ducting conditions. The Mediterranean meets these

conditions and two islands in the Aegean Sea were selected for the measure-

ments. In order to encounter the full range of seasonal variacions, mea-

surements were performed in four different seasons during 1972.

,,i
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Perform extensive radio propagation measurements in the microwave

range in the Mediterranean. Compare the measurements with calculations

based on in situ meteorological measurements and long term meteorological

statistics, and assess the influence of the evaporation duct on various

shipboard antenna heights.

A I
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III. APPROACH

Following the approach described in reference 1, a propagation link

was established between the islands of Mykonos and Naxos in the Aegean

Sea. The transmitter was placed on the island of Naxos. The geographical

location of the propagation path is shown in figure 1. The UTM coordinates

(zone 35) for the transmitter and receiver sites were 4108.35; 355.70 and

4143.32; 351.65 respectively. The links were operated during four differ-

ent periods each of which lasted for two weeks. Table 1 lists frequencies

and duration of the various measurement periods. The block diagrams for

transmitters and receivers are given in references 1-3. Table 2 compiles

the propagation link characteristics for all five frequencies used during

the Mediterranean measurements. Three vertically spaced antennas were

used for L-, S-, X-, and Ku-band and two for Ka-band. Figure 2 shows the

receiving terminal at Ornos Beach, Mykonos. The equipment was housed in

the trailer to. the left of the mast. Figure 3 shows some of the receiving r
equipment inside the trailer. The upper row of receiv'ers and recorders

was for L-, S-, X-, and Ku-band while the equipment of the lower shelf be-

longed to the Ka-band receiving system described in reference 3. Figure

4 shows the transmitting antennas at Naxos. The 3' antenna to the right

radiated at L-, S-, and X-band frequencies, the 1.5' center antenna at Ku-

band and the 3' antenna to the left at Ka-band frequencies. Commercial

power was used during all measurement periods at Naxos and during the

summer and fall periods at Mykonos. In -he winter and spring periods,

diesel generators were used at Mykonos.

S-."N
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IV. RESULTS

A. Propagation Measurements

Figures 5-134 and tables 3-62 show the results of the measurements

in graphical and tabular form. The time indicated on the figures is east-

ern European standard time. Grouping was done by measurement period and

frequency. Figures 5-11 summarize the L-band measurements for the winter

period. The upper part of figure 5 gives the path loss as a function of

time for the high L-band antenna. The upper parts of figures 6 and 7 show

path loss for the middle and the low antennas. Two dashed reference lines

in this presentation represent free space path loss and path loss due to

diffraction assuming a standard atmosphere. The L-band path loss values

for all three antenna heights stay close to the diffraction field value

which means that the evaporation duct heights encountered have little

influence on L-band frequencies. The lower part of figures 5-7 shows the

path loss difference for different anteina configurations. Positive dif-

ferences mean higher signals on the higher antennas and negative values

higher signals on the lower antennas. In all three cases (high-low, mid-

low, high mid) the higher antenna received higher signals than the lower

antenna. This is what one would expect if evaporation ducting is not a

significant factor influencing propagation conditions. Fading for :he

three antenna heights is plotted in figure 8. Fading is here defined as

the maximum deviation from the mean signal during a five minute period.

Rapid fluctuations were suppressed by a four secona :ime constant in the

receiver. In figure 8, fading increases with decreasing antenna height

or, in other words, higher fluctuations were observed for the weaker sig-

nals. Except for path loss, the information graphically displayed in'i
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figures 5-8 is presented in tabular form in table 3. The upper portion of

this table gives the percentage of time the difference between an antenna

pair exceeds a certain value in dB. As an example, signals received on the

high antenna during the February measurement period exceeded those re-

ceived on the low antenna by more than 15 dB during 54.5% of the time.

The lower portion of table 3 lists for the three antennas the percentage

of time certain fading values in dB were exceeded. As an example, the fad-

ing observed on the high antenna exceeded 3 dB during 0.6% of the time.

Figures 9-11 present the statistical information in graphic form. Figure

9 shows the percentage of occurrence of path loss values in 5 dB intervals.

The distribution shifts toward higher path loss values with decreasing

antenna height. Fading distributions in 0.5 dB intervals are displayed in

figure 10. The numerical values of figures 9 and 10 are listed in table

4. Figure 11 shows the frequency distribution of path loss difference be-

-:ween antennas plotted for 2 dB intervals. The path loss differences are

always positive and are highest for maximum antenna separation. Table 5

contains the corresponding numerical values.

Figures 12-18 and tables 6-8 contain the S-band propagation mea-

surements for the winter period. Path loss values as shown in the upper

portions of the figures are consistently above diffraction field values

which means that S-band frequencies were apparently influenced by ducting

conditions. However, the path loss differences between antennas are

almost always positive, i.e. received signal strength increased with an-

tenna height. One may conclude that ducting conditions were not strong ,XI.

enough to cause trapping of 10 cm waves. Fading in figure 15 follows the

wivr K -Z'11ýU
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5ame :-end obser7ed at L-band frequencies, i- incraases .:ch decreas:ng

antenna height (or decreasing signals).

While L-band frequencies were apparently not affected by ducting

conditions, and S-band frequencies only moderately so, there is a strong

influence on propagation of X-band frequencies as evidenced in figures

19-28 and tables 9-12. The upper portions of figures 19-21 show that

observed path loss values approach and even become less than the free space

path loss value. Also, the differences between path loss values measured

at the three different antenna heights frequently assume negative values,

i.e. higher signals are observed on antennas closer to the surface. The

statistical comparison of antenna performance in table 9 shows that during

49.3% of the time the high antenna observed higher signals than the low

antenna. In other words, for the ducting conditions encountered during

this measurement period, none of the three antenna heights showed a dis-

tince advantage over the other. Also, the fading (figure 22 and table 9)

is quite similar for all antennas. Figures 23-25 show the frequency dis-

tributions of path loss, fading, and path loss differences. The spread

of path loss difference values is largest for the maximum antenna separ-

ation (high-low) and smallest for the antennas which are closest to each

other (mid-low). This spread is both an indication of stronger ducting

effects on lower antennas and spatial decorrelation between antennas.

The format for presenting the Aata shown so far has been carefully

chosen to provide a systems designer with the maximum information on svys-

tems performance under varying ducting conditions and the relative merits

of antennas at different heights. Path loss was chosen as the primary

•=



9

parameter in this format. While path loss represents an excellent quan-

tity independent of specific syetems parameters, it was realized that this

very independence might limit its usefulness under specific operational

circumstances. Therefore, it was attempted to translate propagation condi-

tions into an operationally important parameter for judging radar perfor-

mance. The parameter chosen was detection range. Surveillance radar

performance is often described by the range a target with a specified radar

cross section (e.g. one square meter) can be detected under free space

propagation conditions. All of the calculations presented here assume a

free space detection range of 200 nautical miles at 9.6 GHz and all detection

range figures thus have units of nautical miles. The procedure for the

detection range calculations is described in Appendix A. Figure 26 shows

the frequency distribution of detection range calculated for the propa-

gation conditions encountered during the winter measurement period. In the

absence of any ducting the detection ranges would have been 26, 14, and

12 nautical miles for the high, middle, and low antenna respectively.

Figure 26 illustrates the fact that detection ranges due io ductihg are

significantly extended a large percentage of the time. It also shows

that extreme extensions of detection ranges are obtained for the lowest

antenna under conditions of strong ducting. The mean detection ranges

were 28 n miles for the high and the middle antenna and 31 n miles for the

low antenna. These mean detection ranges represent range extensions corn-

pared to no ducting of 75%, i00%, and 158% for the high, middle, and low

antenna respectively. Figure 27 shows the cumulative distribution of

detection range. In analogy to the path loss difference presentations

of figure 25, detection range differences are plotted in figure 28. The

Tw
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abscissa in this presentation is in nautical miles ana the graphs show the

percentage of time for which one antenna exceeds the detection range of

another antenna by a certain value. Positive values mean longer detection

ranges for the higher antenna and negative values longer detection ranges

for the lower antenna.

The spring measurements were conducted during 18 April to 1 May ZZ
L1

1972. Power and equipment failures caused the loss of some data during V

the period. The path loss curves for the three L-band antennas in fig-

ures 29-31 show more variation compared to the winter period. In partic-

ular, during the second half of the spring period the signals vary between

free space and diffraction values which is an indication of highly vari-

able atmospheric refractive conditions. The higher variability is also MI

reflected in the fading of figure 32. S-band frequencies are even more

affected as seen from the path loss curves for the three antenna heights L

in figures 36-39. Free space values are exceeded for over 20% of the

time for the high antenna, 14% for the middle antenna and 11% for the low

antenna. Signal reversals between high and low antenna occurred during

4.4% of the time (table 16). Also for S-band frequencies the fading was

somewhat higher than during the winter period. The path loss values mea-

sured during the spring period for X-band frequencies exceed free space

values 70% of the time at the high antenna and 57% of the time at the

middle and low antennas (figures 43-45). However these low path loss

(or high signal values are accompanied by strong fading (figure 46).

The low antenna received higher signals than the high antenna 27.9% of

the time. It is interesting to note that even though atmospheric refrac-

tive zondition caused higher signals compared to the winter period,

b|



antenna reversals occurred less frequently in the spring period than in

winter. A qualitative explanation will be given later in discussion of

meteorological measurements. Path loss in terms of detection range is

shown in figures 50 and 51. The interval of 190-200 nautical miles in

figure 50 includes all detection ranges exceeding 200 nautical miles. The

mean detection ranges calculated from the presentation in figure 50 for

the three antenna heights are 113 n mi. (high), 94 n mi (mid), 98 n mi

(low).

The summer measurement period from 31 July - 14 August 1972

also encountered strong ducting conditions. L-band signals again varied

between diffraction and free space values (figures 53-55) and exhibited

deep fading during periods of high signal enhancement. During 1% of

the time did the signal received on the low antenna equal or exceed that

I received on the high antenna (table 23). S-band signals (figures 60-62)

during this period were consistently enhanced and exceeded the free space

path loss value a significant portion of the time. The low antenna re-

ceived equal or higher signals than the high antenna during 8.6% of the

time (table 26). The most dramatic effect of the ducting conditions dur-

ing the summer measurement period was experienced for X-band frequencies.

Signals on the lower antenna fell below free space values only 7% of the

time which is an indication of unusually persistent ducting conditions.

Signals received on the lower antenna equaled or exceeded those received

on the higher antenna 911. of the time. Figure 70 shows a decrease oi

fading with antenna height which may be interpreted as a result of more

complete trapping of energy for the lower antenna. The higher signals

on the low antenna are of course reflected in longer detection ranges of

Fý
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figures 74 and 75. The median detection range for the high antenna is 40

n mi, for the middle antenna 70 n mi, and 148 n mi for the low antenna.

( Median rather than mean detection range was used because of the large

number of cases in the 200 n mi and above category). During the summer

period an additional frequency (Ku-band) was added to the propagation link

and the path loss values are shown in figures 77-79. Using free space path

loss values as a reference, Ku-band is less enhanced than X-band which may

be an indication that ducting is accompanied by losses from rough bound-

aries. Figure 80 also shows that deep fading was encountered for all

antenna heights.

The last measurement period during fall (5-21 November 1972) gave for

L-band frequencies quite similar results compared with the winter period.

Path lose values (figures 84-86) are generally around diffraction field

values and show little variation apart from a brief period around 16

November. Path loss values for S-band (figures 91-93) show a greater

variation, occasionally even exceeding free space and diffraction values.

Also X-band signals were quite variable (figures 98-100). Signals on the

lower antenna equaled or exceeded those received on the high antenna during

14.2% of the time. The mean detection ranges were 47, 46 and 42 n mi for

the high, middle, and low antenna respectively. The path loss values for

Ku-band are shown in figures 108-110. The lower antenna received equal or

higher signals compared to the high antenna during 56.5% of the time. An

additional frequency in Ka-band (37.44 GHz) was added to the propagation

link in the fall measurement period. This frequency extension into the

rm-wave band provided some interesting insight into frequency dependency of

•_ 7". :
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ducting. While ducting should increase with increasing frequency, absorp-

tion and roughness of the boundaries (noteably sea surface roughness) be-

came more important for higher frequencies. Therefore, not all of the sig-

nal enhancements expected from ducting will be realized. Estimates of

signal losses due to atmospheric absorption and sea surface roughness are

given in reference 4. The path loss values for Ka-band shown in figures 115

and 116 (only two antenna heights at 8.6 and 3.6 m above msl were used) do

not reach or exceed free space values as it was observed for X- and Ku-band

frequencies. Nontheless, the received signal levels were consistently high

and most of the time within 30-65 dB above the value one would expect with- V-

out ducting. Figure 115 shows path loss as a function of time for the re-

ceiving antenna located at 8.6 m above msl. The received signal levels are

consistently above the diffraction -ialues, most of the time 30-45 dB, but not

quite as high as the signals on the lower antenna. A comparison of the

signal levels cf the two vert-izali7 Spaced _ecei,-ing antennas shows Chat the

lower antenna receives higher signals a larger percentage of the time. The

difference in the path loss values is plotted in figure 115. The zero level

on the ordinate represents equal power on both antennas. Positive values

indicate higher signals on the higher antenna and negative values higher

signals on the lower antenna. The information in figure 115 is also expressed

in table 49 which gives the percentage of time the path loss difference

received on che two antennas exceeds a certain value. For example, -he higher

antenna received signals at least 10 dB larger than the lower antenna 1.8% of

the time; likewise, the lower antenna exceeded the signal levels received on

the higher antenna 65.7% of the time. Figure 117 shows the fading observed

on both receiving antennas. Fading is here defined as maximum peak

A.ý' I, ao P
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to peak deviation from the mean signal level during a 7.5 minute interval.

Again a four second time constant at the recorder suppressed rapid fluctu-

ations. Table 49 also lists the percentage of time fading exceeds certain

dB values. The percentages for the lower antenna are slightly less than

for the higher antenna. The lesser fading on the lower antenna may be ®-

explained by the more complete trapping of electromagnetic energy close to

the water surface. The path loss information of figures 115 and 116 may

be represented as a frequency distribution for path loss intervals. This

is done in figure 118 for 5 dB intervals. The antenna labelled "mid" is

the one at 8.6 m, the one labelled low at 3.6 m above mean sea level. The

distribution curve for the lower antenna is shifted toward the left for

lower path loss values (higher signals) compared to the higher antenna.

Table 50 contains the numerical values plotted in figure 118. The fre-

quency distributions of path loss difference bet-;een the two vertically

spaced antennas and the fading for eacn antenna are shown in figure 119,

the corresponding numerical values are listed in table 51.

The foregoing description of propagation conditions encountered during

four observational periods distributed over one calendar year underlined the

strong variabilit of ducting conditions. As mentioned earlier, one objec-

tive of this measurement program was to encounter a wide range of evapora-

tion ducting conditions. Another objective was an attempt to gather en3ugh

informati3n to permit a comparison )f the data with long :erm meteorological

statistics. To facilitate such a comparison, the data were averaged for all

seasons. Figure 190 shows the frequency distributions of path loss for the 16

three L-band antennas. Likewise, fading and path loss differences between

-i
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antennas are averaged in figures 121 and 122. rhe corresponding numerical

values are listed in tables 52 and 53. The S-band data are averaged in

figures 123-125 and tables 54 and 55. Table 56 shows the percentage of

time path loss differences between high and low X-band antennas exceed cer-

tain dB values. For example, for all seasons combined, signals received

on the high antenna exceeded those recc.ived on the low antenna during

52.6% of the time. During 20% of the time the signal received at the low

X-band antenna exceeded that received at the high antenna by 10 dB. The

frequency distributions of path loss for X-band in figure 126 show again

the wider spread for the low antenna. The detection ranges for the hypo-

thetical 200 n mi free space detection range radar are shown in figures F

129 and 130. The mean detection ranges calculated from this presentation

are 60, 61, and 79 n mi for the high, middle, and low antenna respectively.

Figures 132-134 show the Ku-band data averaged for the summer and fall

season.

B. Meteorological Comparisons

Three aspects were pursued in the meteorological phase of the pro-

gram. First, the complex processes in the oceanic boundary layer demand

sophisticated measurements for their detailed description; however, only

simple meteorological measurements can be performed under operational con-

ditions and only simple meteorological measurements are routinely performed

by meteorological offices around the world. Therefore, the assessment of

evaporation ducting effects on radio propagation becomes practical on-',-

if simple measurements can be used to estimate ducting phenomena. For

this reason, it was decided to use routinely obtained data from a meteoro-

logical station of the Greek Weather Service on Naxos. The data consisted
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of surface temperature and humicity measurament3 :a=-cn zvery :h-ee .:c"-"

and water temperatures measured twice daily. Figures 135-146 show the

air-sea temperature difference, air temperature, relative humidity, wind

speed, and duct height calculated from these measurements for the four

measurement periods. Duct height 6 was calculated according to the fol-

lowing formulas (log-linear profile):

.0013 n 4

A - oS + - - c m

lS 77. 6  000 + 4810 e

* 77.6 1000o + 4 .eS '
S TIS- SW

9iu • 51.4444)2

S980(TA - TSw)/Tsw S Zl
in (zl/Z) /

z = 500 cm

z = 0.0015 cm0
a = 2.0

u = wind speed in knots

P
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TA air temperature in Kelvin

TSW = sea water surface temperature in Kelvin

e = partial vapor pressure in mb

e SW saturated vapor pressure at sea surface in mb

Conditions of thermal stability with bulk Richardson's numbers

exceeding 0.1 were eliminated for duct height calculations. Bulk Richard-

son's number is given by

S.• TA_- _SW

Rib = 6.4 A 
2

U

T in Kelvin, u in knots

A The meteorological measurements at Naxos have several limitations. They

Sare measured over land and may not be representative of open sea condi-

tions, being measurements taken 4t one point they do not permit any state-

ment about the hýorizontal extent of ducting conditions, and they do not

include elevated refractive layers which may affect propagation condi-

U tions. These potential error sources were addressed in the second aspect

of the meteorological program. During the fall measurement period a

"VS meteorological ground station was established at the receiver site in

- I Mykonos and measurements shown in figures 147 and 148 were taken similar

to the ones at Naxos. Figure 149 shows duct heights calculated from the

Saxos and the A-vkonos measurements. Duct heights for both places agree

remarkably well considering the serious short-comings pointed out earlier.

Both the questions of horizontal homogeneity and duct heights over open

water were investigated by performing measurements from a small fishing

,i
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boat traveiling aiong the propagat-fon path. Duct heights were calculated

from sea water temperate, air temperature, relative humidity, and wind

speed measurements using the above formulas. Figures 130-156 show duct

heights versus range. The measurements at the end points of the propa-

gation path (asterisks) are the previously described data froa Naxos and

Mykonos. Date and time interval during which the measurements were per-

formed are marked on the figures (EEST = eastern European standard time).

In general ducting conditions appeared horizontally homogeneous. Duct

height changes which were observed may have been 'emporal rather than

spatial changes as the measurements along the path extended for several

hours. Figure 157 shows a comparison between duct heights measured at

Mykonos, Naxos, and along the path. The dotted areas represent the range

of duct heights measured along the path for the time during which the C

measureennts were taken. The agreement between the various duct heights

is, again, considered excellent. During the fall measurement period

radiosondes were launched from the receiver station at Mykonos. This i

was done to check for the presence and influence of elevated layers. The

radiosondes (403 MHz system) were tracked optically for wind information.

No significant layers were observed that occurred low enough to influence

propagation conditions along the Naxos - Mykonos path. The individual

profiles are included in Appendix B.

Figures 158-161 are overlays of measured path loss values for the

low X(-band antenna in each of the four measurement periods and duct aelights

calculated from the Naxos meteorological data. In general, there is an

excellent agreement in the trend between path loss and duct height. The

r r -W r
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agreement is particularly good for the %inter and fall periods. The agree-

ment in the trend between duct heights and path loss might be improved by

using different models to calculate duct height for thermally stable and

unstable conditions. Those models are described in reference 5. Figure

162 shows the measured path loss for the low X-band antenna during the fall

period and path loss values calculated from the Naxos duct height (indi-

cated by circles). The relationship between duct height and path loss for

the geometry under consideration shown in figure 163, has been calculated

with NELC's full wave solution wave guide computer program which will be

described in a report which is presently under preparation. The general

agreement between calculated and measured path loss values in figure

162 is very good if one considers the shortcomings of the meteorological

measurements. The correlation coefficient between zalculated values and

corresponding measured values was claculated to be 0.63. If one elimi-

Snates in this co~pari- duct heights associated with ;in-.d speeds of less

than 5 knots, the correlation coefficient increases to 0.71. (The elimi-

nation of duct heights for wind speeds less than 5 knots may be justified on

the basis that wind measurements in this range are quite unreliable but may

have a strong influence on atmospheric stability and duct height). Both

V correlation coefficients 0.63 and 0.71 are significant at the 99% level.

This means there is only a 1% probability that the data are actually uncor-

related. One may conclude that the comparison between the meteorolog:cal

and radio data shows that simple in situ meteorological measurements are

quite adequate to estimate propagation conditions.

Id
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The third aspect of the meteorological phase of this program was

to check the usefulness of available long-term meteorological statistics to

predict radio propagation conditions. Only if this can be done, can success-

full predictions of ducting conditions be made without actually performing

extensive measurements. Figure 164 is the frequency distribution of duct

height based on five years of meteorological averages and the duct height

distributions based on the Naxos meteorological measurements taken during

the four measurement periods in 1972. The agreement between the two distri-

butions is considered quite good. These duct height distributions may also

be used to estimate antenna reversals, i.e.:, the percentage of time the low

antenna receives equal or higher signals than the high antenna. From a

family of height-gain functions generated with the previously mentioned

waveguide program it was concluded that reversals would be exoected for duct

heights between 10 and 30 m. Table 62 shows that for individual seasons

calculated and measured values may differ appreciably. One really would -. ot

expect a specific two week period to be identical with a five year seasonal

average. However, all measured data averaged (thereby forming a larger

sample size) compare quite favorably with the average for the entire five

year period. Based on these and similar previous comparisons for the

California off-shore area (reference 1), one may conclude that long term

meteorological statistics are quite useful in estimating average ducting

conditions for oceanic are;_s.
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V. CONCLUSIONS

Extensive radio propagation measurements in the Mediterranean have

shown that evaporation ducting is an important phenomenon in particular

for frequencies above S-band. For example, signal enhancements from

evaporation ducting have been measured 99% of the time for X-band fre-

quencies. It was determined that the evaporation duct strongly affects

all shipboard antenna heights. Under conditions of strong ducting, low

sited antennas (e.g. 15 feet above mean sea level) may receive higher sig-

nals than more conventional antenna heights (e.g. 60-70 feet above msl).

For all measurements in the Mediterranean the low sited X-band antenna

received equal or higher signals than the high antenna 47.4% of the time.

During 20% of the time signals received at the low sited X-band antenna

j• exceeded those received on the high sited antenna by 10 dB. From the

measurements one may conclude that the optimum location for an antenna is

high on che ship. When economics justify two antennas, an advantage can

be obtained with both a high and low antenna.

The evaporation ducting effect appears to have a broad maximum in the

X- to Ku-band frequency range. Atmospheric absorption and sea surface

roughness apparently counteract the effectiveness of the duct expected at

higher frequencies.

,V'a
Simple meteorological measurements were found to be quite sufficient

to describe ducting conditions. Horizontal homogeneit7 of the duct was

found to be good for the propagation path used in this investigation. Duct-

ing effects deduced from long term metecrologizal averages compared well



22

with the average of all measurements for the year permitting estimates

of average ducting conditions to be made for any oceanic area for which

such statistical meteorological data are available.

ii
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VI. RECOMMENDATIONS

The path loss information obtained from the propagation measurements

had been translated in this report into detection range infotmation for

X-band. Hypothetical radar parameters were assumed for this purpose.

Target height versus detection range plots for various ground based duct

heights can be generated for actual radars (reference 6). Those curves

could be easily used under operational conditions in connection with sim-

ple meteorological measurements performed on board ship and in connection

with duct height distributions calculated from long term meteorological

averages. It is, therefore, recommended to apply this technique to a

suitable surface surveillance radar (e.g. SPS - 55) and conduct an eval-

uation under operational conditions.

U
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__ . . . .. . . . . . . . . ... ? . i . . _ . _ ._ ij5 PAT!! t..'sS •.H.IG .. -. ~MTO ___ lOW --

120.0 '0 125.0 . 0.0 . 0. o ... ......
125.0 Tr 130.0 0.0 0.0 0.0
L :.1 . Tr ..! - 3 5a .. .• ._ o,•O _
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F .. ..... t............ H 1 MID L
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0.5 T9 1.0 9.1 2.5 0.2 _.
11." - i.i 30.6 .. .6 1. ...
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2.5 TO - 3.0 3.8 16.9 17.9
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3.5 TO 4.0 . 0.3 . 1.8 3.o.3 .
4.0 TO 4.5 0.0 1.4 0.9
4.5 -fn 5.0 ..... 0.1 . 0 00 0.0 _

5.0 To 5.5 C.0 0.4 7.7
5.5 TO 6.0 0.3 0.0 0.0
6.) T- 6.5 0.0 0.0 0.2

"6 .,-. Z0 3Q
7,3 T0 7.5 0.0 0.0 .3
7.5 TO 8.0 0.0 0.0 0.0
80) T." 3.5 0. 0 0.0- 0.
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q*5 Tn 103 _ 0.0 0.0 0.0

E;ITR! ES L253 1253 1253
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n!FFEIRENCE HIGH-LOW % HIGH-MID MID-LOW

-20.0 TC -18.0 0.0 0.0 0.0
_-18.3 TO -16.0 __0.0 _0.0 0.3____
-16.0 TO Z-14.0 00 0.00.
-14.3 To-12.0 .0 0.0 - 0.3---------
-12,ý TO -1 J.-) 0.00 0.0 0 .0
-1.0.0 T9 -9.0 - 0.0 0.0 0.0

-8.) TO -6.0 0.0 .01
-6.) -0 -4.0 0 .0 coo ___ -____

-4.3 TO -2.0 0.0 0.0 0.0--
-2.0 TO 0.000 0.0 9..... .- .1
0.1) T 0 2.0 10.0 0.2 0.0
2.0 TC 4.0 0.*0( 0.3 l_ 5.2 _

4.0 Tfl 6.0h'0 02- '19.4
6.0 TO_8.00 0.0 21.1 43.1~ _
3*fl Tn 10.0 0.00 - 73.3 2L1.2

10.0 TO 12.;) 6.9 4.6 0.7T
12.0 To 14.0 21.2 01 - -0.1

14.0 TO 16.0 34.4 .. 0.1. _1.1~ I
1.6.0 TO 18.') 34.6 0.0 0.00
18.0 TO 10.0 2.0 0.1. 0.0

ENTRIES .1253 1253 __ 1253

Table 5. Frequency distributions of path lass differences between
- - -- ~ Z~tennas for L-~rnd -
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210

PATH LOSS • H1ItH . MH I ... I Lb G,

120.0 TO 125.0 0.0 0.0 . 0.0 _
125.0 TO 13!).u 0.0 0.0 0.0
13o.0 TU 135.: 0.0 0.0 o 0.0
135.d ro 140.0 . 0. 0 .... 0 0 .0
140.0 TO 145.0 1.2 . .... 0.0 .. 0
145..0 TO 1_0.0 . 1.1 0.9 0.0
150.0 TO 155. 3 _ 50.8 21.5 ..
155.0 7. 160.0 14.0 50.2 0.7
160.0 To o15.0 2.1 23.1 ' 7.6
165.0 TO i70. .. 0.2 3., 49.2
170.0 TO 175.0 0.0 0.2 31.7....
175.0 TO iOo.o o.0 0.0 10.6 -.. . . . . .
180.0 TO 135.0 0.0
185.0 TO 190.0......0.0 0.0 0.3TJ15O 0.0 0.0 0.0
1905.0 TO 20J.0 0.0 0.0 0.0
200.0 TO 205.0 0.0 0.0 0.0

200,.0 TO 2)5.00.0 __. _ .0.0 0.6020..z5.0 ra 210.o0.....o.0 .... o.0 ....... o_

210.0 TO 215.0 o0o 000 0.0
215.0 TO 220.J . .. 0.0 C.0 . .0

-.. . ENTRIES 1216 1216 1...

FADING I HIGH* MID X LOW

0.0 o TO 0.5 O .b o6o is. d,
0.5 TO 1.0 2.5 t.2 6.1
L.0 ro 1.5 17.8 9. 5 . 15.9.......
1.5 TO 2.) 25.7 .7. 9.',
"2.0 TO 2.5 -Zi.b 26.2 11.7 ..
2.5 TO 3.0 21.5 27.3 31.0
.. 0 TO ..... 3.9 535 7.4 --

3.5 TO 4.0 5.5 9.4 9.8
4.0 TO 4.5 . -. 2 .4- 2.5
-4.5 TO 5.0 0.3 0.5 0.7
5.0 TO 5.5 0.0 0.2 4.1
5.5 TO 6.O 0.0 0.1 0.6
6d.0 d 6.5 TO.0 -5. 0-.. . 04 .....

6.5 TO 7.0 3.0 0.0 0.2
)T 7.5 1 3. o0o

7.5 TO 3.o u.0 j.0 0.1
"8.0 TO 3.5 - 0.- 0.0 .. 1
8.5 TO 9.0 0.0 0.0 0.0
9.0- TO "90. . 0 .0 O. ... . "06
9.5 TO 10.0 0.0 0.0 0.0

ENTRIES 12. _21 1216 1216 . r

Table 7. Frequency distributions -)f ;ath toss and fading 'or
-•-band
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5 DIFFERENCE % HIGH-L6W• ; HIGH-MIU M MID-LG~h

-2..0 TO -1.0 U.O 0.0 0.0... . ... -1s.o.0 0 -1.6.0 ...... 0o.0 .. ... .... -0... 0... .o- ....

:-16.0 TO -10.0 0.0 0.0 0.0
.-140 TO -14.0 0.0 0.0 .0 .0

-12.0 TO-lO.O 0..C 0.0 0. 0
..- 10.0 TO. -... 0.0 .. . 04

-3.0 TO -6.0 "O.O 0.1 0.0
-76.0 TO -4. * ..... 0.0 0.0 . 1
-4.0 TO -2.0 0.0 0.1 0.0
*-2.0 TO 0.3 0.3. -----0.. ..---.1_

o.o TO 2.0 0.0 0.7 0.0
2.0 TO. 4..0 0. 0.1 ... . . . 1.5 . 00
4#.0 TO 6.0 0.1 44.5 0.5

_ ....6.P0 TO _-- 8.0 0.1. 1465 t.2
8.0 TO 10.0 0.1 5.1 2.1

10.0 TO .12. .. 0.7 14. 54.9
12.0 TO 14•0 0.7 0.3 39.4

14,0 TO 16.0 .1.0 . ....0.0------------ I;3
16.0 TO 15.0 53.5 0.0 0.1
8.. 0 TO .2.0 4.8 0,0 0.,2

. ENTRIES ... ... 121o . 1. 116 .......... 1216

I ~~... . ........ ...................................-..-.-.-..-...

Table 8. Frequency distributions of path loss differences between
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PATH L,:SS d 1`3 H '41 _ D LO 0

120.3 TC" 1'5.' 0., 0O0.O "r..

1235." TO 130X0 0.0 0.0 0.0
,:•130.) Ca TO 133.) ).,) 0.0 ).o

135. 5 TO 14-1 .... 0.0 C . ...... . 0.1 .... . .6 . ..
0 14C,.C T:) 145.0 0.8 2.2 9.,

1 .45.') TO 13j.') 31.1 33.0 33.6
15L,.,, T 17 155 . ! 49 o4 3 5 9'J 24o7

. -5,0- TO .I.A.0 12.,' 17.2 16.6
160*.L TO 135.) 3.5 7.1 8.2
1o5o 0 T."730... 2.3 a 2.5 2.6
170.0 TO 175.0 C.5 1.6 2.1
175.J TO 13J.,L' ^.2 1.1 1.4

610 0.0 TO 135.2 0.2 0.2 3.2
135ok TO 1.h5.D 0.0 0.1 o.0
191).. TO 195.,0 3." 0. c 0.0

'.. 5. 1 TO 213.-) -30 0.0 0.0
210.*' T0 215.- 0.0 0.0 0.0
215.0 Tf 2Z2.3 '.o 0.0 3

ET'qTE S12,C%2 1202 1202

S...- F'CI.JG -- , HIGH I MID 5 LOW

Cj.J TO ).5 " 0 ; -. .. 'Y..
C ,.5 TO .i° 1.1. 6.7 2.9
1.0, T C .:; .8.o 17.4 " -.4
1.5 T1- 2.0 18.,t 14.1 14.3
2.0 TO 2°5 25.0 22.4 19.4
2.5 TO 3.0 12.9 17.5 21.9- . --- -3.0 TO 3 .. . 7 . . 9.3 . .7

3.5 TO 4.0 3.0 5.1 13.0
4.0 TO "4.5------2.0......... 3.2 - 6.0
4.5 TO 5.0 0.7 2.9 2.1

r 5.0 T .5.5 -. 0.5 ........... 0.6 1.6
5.5 TO 6.3 3.2 0., 1.5

So.~~~~5 T!. .)". . .

7.C - 7.5 0.2 0.1 3.2
7.5 TO 81%3 031 0.0 0.1 0
8.0 TO 8,53 *. 0.1 O. 0.0
9.5 TO 9.. o.I 0..
.9*0 7T 9.5 5.1 0 0........0 3.9.5 T7 1:).3 3.1 0.2 J.2

ENTRIES 1202 1202 1,'02
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9IFFERENCE N HIGH-LOW ' HIGIi-M4ID • '4I.D-LCO:

-20.,j TO -iO.O .j C. C
-P•.'0 TO -16.0 C.0 0.0 0.0
-16*3 TO -14.0 0.1 0.0 0.0
-14.` Ti.) -12.j 0.3 0.e) Qo1

-12.0 r[ -1J.0 1.2 0.0 .).0
-1').) TO -.. 0 0.8 0.3 ).2

d•o 0 TP ) - ,'.e J 3 .3 102 .5.-

-0.,) TO -4.') 10.4 2.7 4.2
-4.) TO -z.0 17.4 14.4 23.5
-2.0 TO 3.0 16.7 20.3 41.6

0.0 TO 2.) 13.2 25.2 17.7
2.^ TO 4.'0 16.3 17.7 9.3
4.0 'TO .o 11.3 11.3 1.7
6.0 TO 8.) 5.4 4.7 0.6
6.8.0 re !). 1 1.4 008 '.e6

10.0 TO 12..J .166 0.4 ).u
12.0 TO 14.0 0.5 0.2 0.0
14.: TO 16.:, 0.3 0.1 001
16.0 TO 1.-..0 .2 ).1 0.0
18.0 T'O 20.0 j.0 Oot U * XC

ENTRIES 1202 1202 1202

D4T r,'3 V4; HIGHI I L -'T4

0.0 TO 10.) u. 0 0.0 0.:
ic. c.O 23.-) * ..... 6, 11.9 14.1
ZO.J TO 30.1 61.5 52.4 39.3
31 -30.0 4TO '0.) ý.. . 30.5 28.4
40.0o TO -j,0 1.0 4.8 11.5
-50.)0 "TO 60.') - " .2 ... .. 0.3 3.1
60.0 TO 7-.).) 0. L 0.0 1.0
70.3 TO 33.3 0.0 0.0 O.Q d
00.0 TO '40.0 0.0 0.0 1.2
90.3 TO 1ý..).0 C.,- 0.0 6.0
100.0 To 11.). 0.0) 0.0 0.0
I.. 1.0 T'O 12 , .... To . 0.0
12'3.O T" !'t. '3 0.0 0.3 0.

L4 0 .3 TO 15j. 3 O.G 0.0 ,.0
150.3 TO 160. 3.0 0.0 0.0
160.0 T%. 17j.) 0.0
171C.3 TO' 13. .. 7,' -- -- I -- 0

1,.30. ." 0.0 0' 0.00
1%.) T- 2)0.' Go.3 0.3 .. 0

='TIP IaS 12232 12 12'.02

:able 11. 7reauenc': "isrriburions )f. Eath loss 4ifference and
detection range for X-band

~2.



X " 3A',0, GP :EC# -E"." P.'JE r Y 1072 215

DET RANGE I > HIGH 0> MID ,> LOW10

20.0 73.4 88.1 35.930.0 31.q 35.7 46.1
40.3 l .3 .. 5.2 - 17.7

5 53. Q 0.3 0.3 6.2
S60., 2.1 0.0 3.2

71. ) '.o" • 3.0 2. 2
80.0 0.a 0.0 1.2
90.0 0.0 ).0 X.

100,0 . .. .. 003 060
120.0 - 0.0 0.0 9.0
120.0 " .O 0.0 0.0

160.0O, .1,0 0,0 0.013.0 G0 0.0 0.0 0.0
140.0 . ..... . 0.0 0..

170.O 0.0 0.0 0.0

203.0 j.O " 0.) 0.0

. 'S~iTRTES 1..202 1202 1202
i O "-......... .... .. -... ..... ......... .

'D ETR E- DT IA.; IF F~ ----- fIGH4-Li)eW H 'GH-lIj' *I-LW

-50.0 TO -45.0..---- -1-7 0 ., . .1 .
-45.2 TO -4 .1 0.3 0.0 '.3
SI-40. '2 -5 3.5 0.0 0.4

-j5.) TO -33.'0 0.2 0.0 1.0
-:-30.0 TO -25.', C 9.9 0.1 0-3-25.11 TO -20.0 1.2 0.2 0.7

f-"'0. - TO "-z15. 0 " --- 2; 9 ........ e.3 .. . . 1,4 ...

O -15.0 TO -13.0 7.1 1.7 .4oI
-Ir3.0 TO - ý- 0. ... - 15",'- ........ * 7 9 .. .13.3

-5.D TC ).0 20. 4 27.6 48.0
w 0.) TO -4:2.3. . 50.3 29.5

5.f'0 T"• LO.Oi (3 , 8.9 .

T1). 0 15.3 .. 0;7 -... 6 I
1 .5.0 T., &. .. 0.20.2
20.0 TO 2.5.0 0.0 0.2 0.0
25.0 T.' 3.0 3 . 0.0 0.Z
$0.0 TC. 35.0) ).0 0.0 0.0
35.3 rO 43.0 .. 0 0.0 0.3
40.9 T,' 5 . 0 -9............ 0.0 " .0
45.) T" 33.') 0.2 J.0 0.I

FT7 I ES 1202 1202 1202

-abie ". 2umuiar-ve discurburion -r aerec:ion range ancd frequency
:is=-_burT-cn •.':erec::on :ange :erences "and-

6f4
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* .. .. L.BAND,_tGREFCE.- APRIL 1972..... . -

S.....P LCS . . ... . . . Gt _I .120.J TO 125.0 .4.7 . .. 0.8 . ... 0.3 .. . .. . . .. .

125.0 TO 130.0 d.6 5.0 0.5
k..30.0 TO 135.0 .9.3 7.8. .. .
135.0 TO 1-tO.O 12.b 9.2 7.7

......... 140.0 TO 145.O 21.0. 1.9 .... 10.9......
145.0 TOI 150.0 25.3 14.0 10.3
150.0 TO i55.0 15.o 2i. 12.7.
155.0 TO lo0o. 2.) 24.5 24.4
.160.0.0 TO 1o5.0 -0 ..O.-..... .. 4.2 .. ...... 25.2......... ......

165.0 TO 113.0 0.0 0.0 3.2
...... 170.0 TO 175.0 0.... 0. ...... O,__ 0 .

175.0 TO 130.0 0.0 0.0 0.0
180.0 TO 185.0 -.. 0.0 .0
185.0 TO 190.0 (.0 0.0 0.0
190.0 _TO_ 195. 0 0.0 0.0 0.0
195.3 TO. 200.0 0.0 0.0 0.0

.. .. 200.0 TO 205.0 0.0 0.0 .... 0.0 __

205.0 TO 210.0 0.0 0.0 0.0
.... .- 210. 0 TO 215.0 -. .O.u . 0:0 . .. . .0..0

2•15.0 TO 220*0 0.0 0.0 0.0

ENTRI ES 752 758 754

i .... .. . ..-- - --. . ... . . ... . .. . .. . . . . . ..

* . FADING % HIGH- % MID . LOW

0.0 TO 0.5 1.7 0.4 0.4
. .0.5 TO 1.0 2..1 L3..... .. .. 8 .. .........8

1.0 TO 1.5. 36.0 33.0 26.0
1.05 TO 2.0 4.7 2.11.
2.0 TO 2.5' 7.2 -..... 9".5 9.8
2.5 TO 3.0 11.0 17.8 17.4

0. TO 3.5 0.7 0.3 2.4
0.5 TO 4.0 4.3 4.2 6.2

4.0 TO 4.5 2.4 3.2 3.4
. . 4.5 TO 5.0 ___0..1 _ .... 0........... ...... 30.3_ .5.0 TO 5.5 2.4 6.5 9.4

s5.5 TO __..9 0- _ 0.3 S1.50

6.0 TO 0.5 0.5 1.5 2.5
o.5 T 7. _ o . . "0.4 . ..........3,4 ....
7.0 TO 7.5 0.0 0.1 0.5

. 7 .5 TO .0 1 ,3 0 3 .0 .. ,2 .. _ . .
8.0 TO 8.5 0.0 0.3 0.0
8.5 TO 9.0 0.3 0.5 0.7
9.0 TO 9.5 0.0 -. 0 0.3 06.3
9.5 TO 10.0 1. 7 2.9 3.4 .

.. ENTRIES 752.... 158 754

-. .abie "A. -reauency isz-.r:_butions )f )arch loss.na -ading for L-band

1-L



iL HAND, GREECE APRIL.1 *-72

DIFFERENCE 10HIGH-L0W v HI(AI-MIU 4 MID-LOW

-20.0 TO -1o.0 000 0.0 00.

-Id.0 TO -12.o ... 0..0 . . . .. 0.0 . . .. .. .0. ... . .. .. ..
-18.0 rO -1o.0 0.0 0.0 0.0
-.14.0 TO -12.U 0.0 0. __00 (J.-
-12.3 TO -10.U 0.0J 0.0 0.0
-10.0 TO -8.0 0.0 0.1 0.0
_8.j To -r.' 0... 0 0..0.1
-__ -6. 0 T'-- -4.0 0.1 _0.0, 0.4 -

-4.0 To -2.0 0.0 0.3 .3
-2.0 TO U.0 0.3 0.1 1.7
0.0 TO 2.0 0. 1.9 2. 9
2.0 rO 4.0 1.2 9.6 18.2 __

4.0 TO 6. e3 ... 2 "25- .. -... 4 5.. .. - .45 *..
6.0 TO 6.U b.1 5i.3 25.4
8.0 TO 1d0.0 - 1.1 -7.9 -3.7

10.0 TO 12.0 3o.5 2.6 0.8
12.0 TO 14. 0 -26 . f.9 . . 0 . . 5
14.0 TO 16.0 7.5 0.0 0.4
16.0 TO 18.0 1.9 . . 0.0 0 . 0.1
18.0 TO 20.0 1.1 0.0 0.0

ENTRIES 729 737 .749

Table 15. Frequency distributions of path loss differences between
antennas for L-iband .

mt
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S. BAND, GREECE. APRIL 1.972 . ... .. . . .. -220- -

PATH LOSS ....... %..HGH . MID .. LOW

120.0 TO 125.0 15.6 .9.7 8.2
125.0 TO 130.0 5.0 4.3 3.0G
130.0 TO 135.U .. 5 .. 3
135.0 TO 1.0.0 L4.5 4.7 4.8
140.0 TO 145. 0  24.0 12.7 5.4
145.0 TO 15U.0 26.7 . 25.5 0.9
150.0 TO 155.0 4.1 29o.?.5 23.4 . . . .
155.0 TO luO.0 't.6 6.1 22.'t
160.0 TO 165.0 0.0 3.1 13.4
165.0 TO 110.0 0.0 0.0 4.3
170.0 TO 175.0 _ 0.1 _0.0 0.0 __

175.o To Ido.o 0.0 0.0 0.0
180.3 TO 135.0 0.0 0.0 0.0
185.0 TO Io.o 0.0 0.0 .0
190.0 TO 1)5.o. ... 0o.0 0.0
195 .o TO 203.0 0.0 0.0 0.0
200.0 TO 2)5.0 .0.0 0.- 00.0 -0
205.0 TO 210o.o 0.0 0.0 .o
210.0 TO 215.0 0.0 _0.0 0.00....
"215.0 TO 220.0 0.0 0.0 0.0

ENTRIES 166 774 7 96

SFADI4NG .HIGH ------. MID 1 .. ' L . .

0.5 TO 1.0 19. 16.5 8.9
1.0 TO 1.5 .33.7 22.4 14.2 2...
1.5 TO 2.u 8.5 8.3 10.2
2.0 TO 2.5 13. 5 27.5- 5 ..7 .... ..
2.5 TO 3.0 8.1 0.0 13.1 __

3.0 TO 3.5 3.8 3.2 3.4
3.5 TO 4.0 4.5 3.4 3.8
4.• TO 4.5 3.3 6"o2
.4.5 TO 5.o 0.5 0.9 1.5
5.0 0o 5.5 1. 2.3 3.3 '
5.5 TO 6.0. 0.8 1.9 3.6
6.0 TO - 1.0-0 0.8 0.8.
6.5 ro 7.0 .0 0.i 0.4
7.0 TO 7.5 -0.3 -- 0.3 . . 0.5.
7.5 TO 3.0 0..0 . 0.3 0.. 88.0 TO 3.5 o.1 001 0.o0 . . ... ... .
S.5 TO -).0 0.0 0.3 0.1
9.0 TO 9.5 o0o. .1 0.5 V-
9.5 TO 13.0 0.1 0.4 0.5

ENT'IES _ .7d66...... 774 .. 796

"---- .r -v.ana

5RU10%)



......... . .... ..-S BANU, GRýLCE.APRIL I.S72 . ...

DIFFERENCE % HIGH-LOW AoHIGH-MID "b MID-LOW

-20.0 TO-3.0 . 0.0 0.1 0.0 .. .
S_ -18.0 TO -16.0 .__ 0.0 Nn ..

U . -.. - -... .... - -[- ..- TO -- , ... . O - " ' ... 0 0 - .. . . .. ..
-16.0 TO -14.0 0.1 0.1 0.0

.. .....- 14.0 TO -1Z.0 . O............0.0.----- ...
-12.0 TO -I0.0 0.3 0.6 0.3

,. ... .. . -10.0 TO -8.0 0.i 0.1 0.4.
-8.0 TO -6.0 0.3 0.3 0.3

. -6.0 TO .- 4.0 0.3 0.6 0.8...............
-4.0 TO -2.0 1.1 0.7 1.1

..............- 2.0 10 0..0 1.6_. .4. 2.7 T.
0.0 TO 2.0 1*, 4.2 4.5

__ 2.0 TO 4.0 __ 3.7 12.0 _3.

4.0 TO 6 .0 2.4 29.7 38.0
.. 6.0 TO___ 8.0 6.7 38.6 29..7--
8.0 TO 10.0 14.7 7.1 5.1

10.0 TO _12..0.....27.2 20

12.0 TO 14.0 25.8 1.2 0.3
... .......14.0 TO .. U6.- . 8.5 0.7 .---------0.4 ......

16.0 TO 16.0 2.3 0.3 0.1
13.0 TO 20.0 2.7 0.1 0.4

ENTRI E.S...0. . 691 ... . 707 --..

U.. ... --.-----19-.- Wi-i-f-srbtnso ~t-r-ss..-_-.e-s-eYw-e--

- --- antennas for S-band

7771N...~
~~ONJ
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X iiA'W, Z,:-ECF AAPQýL 1972

U 0 PATH LOSS HI-G H .11 .D I0 LCqW

123. 0 TO 123.0 3.9 3.6 t4.4
1 e 5.. TO 13,).) 1S.7 15..) 11.5

S130.3 T') 135.3 2J.7 15.6 11.7
i35.3 TO 143.0 17.1 15.2 13.1

e 140.0 TO 145..) 16.5 j4.:11.4IN145 . 0- T. 15)3. 6.--4 U111.7--•

15 C. 'TO 0 .ý 7.6 8.51.0
1559- TO7 16uo3 3.2 7.o 13.4
160.:) TC 1L5.3 2.1 4.4 2.*
165.J TO 17J.0 -3.3 3.6 3.1
1I7C .J TO 175. )SO I.%3 0.6
175.90 Ti C .U 0.) 0.2 0.3
ILGL.- TO 135. ) J.d ;. 0.e
1.35.0 TO 140.0 0.0 0.0 0.0
190.k TO 195.0 3:0 .)0.3 0I S5oa TC 2 - ,). C).*. Oo 000
200.0 TO 205.0 C.0 0.0 0.0
2U5.0 TO 21J.O 0.0 0.0 i. C
210.* T] 213,0 1.0 0.0 0.0
215.- To 22...j 0.0 0.0 0.0

ENTairS 6q9 -1071 1,b5

FADING " , HIGH 1MID LOW

0.0 TO 0.5' 0.5 0.2 0.2
0.5 TO 1.) 14.3 10.7 9.11.* 7:; 1. 5 1403 13*6 12o5]'

1.3 TO 2.0 29.2 27.9 33.2
2.u- TO 2.5 6.5 7.3 5.4
2.5 TO 3.0 7.3 11.7 9.9
3.0 TO' 35 9.. 9.5 15.4
3.5 TO 4.0 1.5 2.1 1.3
4.0 'TO" ' .5 2.1 2.7 3.7
4.5 TO 5.0 1.1 1.1 2.5 -

C' T0- 5-037 3.1 2.9 2.4
5.5 TO 6. 1 1.5 2.9 1.1

S. ..... B 'O TO - • . -- - ) -) . . . 0.7 3 .6
,.5 T' "1 ,,) 3.7 1.7
7.J0 70 7.5 2._- l l .
7.5 T 0 3.) '7.7 0.6 :35
3.C T- 3.5 1.7 1.5 1.1
8.5 TO 9.0 0. 0.0
.. T _" 9.5 1. 2 0.6 ) 0.1

S9.5 TO 10.0 3.9 2.1 1.1

E.Ti . S 10e69 1071 1u " & 5
-Table :0. 77reaquency -iscr-rbur--ons )f oarh loss -an --ading for :ý-band



x , GECE AP9.IL 1972

~~~~~1 ... F) F:-__.R ENC E m• ;,IG H-L ".4 41HGIi-;tID •,I, -L- , -

,•-21.0 TO -13.0. 2.0 .3 0.7
-1 . '- T ()-16.0 n;.-0 2 3.2-16.0 TO2-14 .4 10'7 Do 7 .

O-14.0 TO -12.0 1.4 0.7
-12..~ Tij - 1..,.. 20! 1. 27-
-10.3 TO -J.-) 2.7 1.2 2.5:.. •.,. 5 .J

. -,.0 Ti -6.2 ; 2. i
-6.0 T ' -4.) 3.5 3.4 7.5
-4.0 TOr 0--2.') 4.2 3 .3 -12.5

-2.) TO -. ) 5.7 5.03 29
0.0 TO 2.0 7.8 5.0 21.1
2.0- TO 4.-) 13.u 17.7 10.4
4..) TO 6.0 - 14.8 18.7 3.0
6.0 TO do.0 12.3 11.'- 2.1
8 * 8.V- TO 1'%0 .. .-1 1 • 1.--- 14.3 o6 3. ....

WO.0 TO 12.0 5.3 5.4 3.6
12.o3 T 14.) 3.5 4.2 0.3
14.0 TO 16.) 1.6 2.0 3.1

O16.0 TO 18.0 1.5 0.7 3.1 1
18.• TO 20.1 1.3 0.7 3.0

O ENTRI ES 1058 1065 1063

DET FANG_ " HIGH N E_9 M IO L LO

0.0 Ti 1.J.J 0.3 0.0 -3.0
.. ."2 .- . .. 7.7

_u,,: TO 3v,.3 i. 9 i7. 9  20.7
3 30.0 TC 4J.1 5.3 9.2 j.4
4%"., TO 5..0 7.J 4.8 4.4

50.3 TO ,6. 0*.... 2.7 '4.3 2.8
*60.0 TO 70.0 -4.2 2.1 2.5

73.0 TO 80.) 4.7 4.5 3.8
80.0 TO 90.0 2.i 1.3 2.2
'90*. TO. lJ.).) 2.t 3.4 3.1.

1033) TO i113.0 43 3.4 2.9
110.0 TO 1-0.3 4.3 "3.8 2.6
t12,3.) T-. 131).. 4.5 4.3 3.4

73.:. 1Tr .3 1.3- 3.2
LO.3 T0 150.0 7.f- 2.2 1.7
15G.. TO 160. 0 3.2 4.2 3o2
160.3 TO 17.).) 5.7 3.0 2.2
17u.3 Tf Id.0 -z4.5 3.7 2.4
Iq:. C C 'A.*). 4*1 4s) 2*

7r..,, L2.7 22.3

SE:-,T I S: S V, 5 7 1057 1 5,

:able 21. Frequencv distr:but-cns f atn ..z:ss 'ifference m-n
:erec=:-cn :ange :or ..- oanc

L- •- ._AýAI5 &loqa*



X LAWC), GZCECE APRIL 1972
225

•)~'. 'T :zANJ M: HIGH >,t •> L( G*

10.0 100.0 I. 103.0
20 170 9253 33.4

130.0 S6.3 32.45 72.7
40.0 41.7 65.3 64.2ý •0.0 74o7 60.5 :59. 2
60.0 723. 5o.2 57.370.'D 67.3 54*1 54.5

,30.0 63.3 49.5 502.7
93.017.0 24.6 27.3 48.5

2 3.1.V 58o5 441.4 25.4
19C.O 54.2 41.0 42.5
1200.0 50.0 37.)2 3-..17006C 45o4 3 2.,9 36e4

S140.0 40o9 29.7 34.6
150.0 33.5 27.5 3 2. 9
I b.! CO 30o3 - 23e4 29.7
170.0 24,.6 20.3 27.5

020000 -0.•0 -% • 00 -0.•0

ENTRI ES 1I5 7 1057 D1)570

, - -,.- rEIFF •HIGH-L'1W % HIGH-'ID ' MID-L'1
S-50.;) TO -45.0 '1.-.31.

• -r45. 3 TO -4. 1.2 1.4 1.5
-40.* TO -35.3 1.7 a.7 2.4
-35.3 -0 -30.) 1.0 0.7 1.8S-3C-- TC -2 5, c0.9 009 2,0

-25.0 T" -20.') 0.0 1.3 3.1
-20.Q TO -1:.0. 1.0 . 1.5 2.5
-15.v T *-10.3 0.7 1.0 4.0
S.. - OVr. TO" 5 . 2) 1.2 4.5
-5.0 T3 0 0.0 2.2 2.0 2".1

.12.2 17.95.0 TO 10.) . 5.5 4.7
110 . 3 T 0 15, .. ... 4.7 . . 5.1 3*-

F• t• ~~~~15.3 T• '. . . .. L
20 , r -'"5.; 3.1 I ., 2.e.
215.0 Tlý 3n.u 50.: 6.1 is!.

* 30.0 TO 35.0 4.7 7.1 1.2
35.0 TO 4J.0 Z.6 3.4 0.6
-,.0 TO 45.0 4.1 2.3 0.3

S45.0 TC' 50.0 22.t 25.6 3.6

EN4TR I ES 1Z0n57 IC57 1ý57

7a be " a -- umuiatcve -2isrlr -bution )r :etec_:.zn :ange an
-recuenc7 :iscz:.buc:zmn i: ;ecec:_jn :-nge .1:farences

-or :.-;bana
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L .IA'ID, GREECE AUGUST 1972S~227

PATH LOSS % HIGH • MID LOW

127.0 TO 125.3 5.0 2.1 0.8
125.0 TO 130.0 4.3 4.0 2.3

.130.0 TO 135.0 4.9 ... . .4.9 3.3
135.C TO 140.0 6.1 4.2 4.4
140.0 TO 145.0 28.8 7.1 ..-... .. 5.4
145.0 TO 150.0 30.5 26.1 4.7
150.0 TO 155.0 14.1 49.4 35.1
155.0 TO 160.0 0.3 1.9 42.9

. ...... ... 160.0 TO 165.0 .. 0.01 0.3 .. 1. 0 . .. .. .
S165.0 TO 170.0 0.0 0.0 0.0

170.3 TO 175.0 0.0 0.0 ... ... 0.0 . .. .
175.0 TO 180.0 0.0 0.0 0.0
180.0 TO 135.0 0.0 0.0 0.0
185.0 TO 19J.0 0.0 0.0 0.3
190e) TO 195.0 . 0. 0.0 ..0. ..... QC ...
195.0 TO 200.0 0.0 0.0 0.0
2CC0.3 TO 205.0 C.0 0.0 0.0
205.0 TO 210.0 0.0 0.0 0.0
210.0 TO 215.0 0.0 0.0 0.0
215.C TO 220.0 0.0 00.0

ENTRIES 975 975 974

"FADING 9- HIGH 4 MID " LOW

0.0 TO 0.5 1.1 0.2 0.0
0.5 TO 1.0 15.0 9.6 b.6
1.0 TO 1.5 18.2 21.6 13.0
1.5 T0 2.0 2896 26.7 26.0
2.0 TO 2.5 6.1 3.9 5.5
2.5 TO 3.0 10.1 13.1 14.1

Am3.0 TO 3.5 5o5 902 10.8
*3.5 TO 4.0 4,9 6.1__9.

4.0 TO 4.5 1.3 0.8 3.3
4.5 TO 5.0 0.3 0.6 -. 0.4

XS5.0 TO 5.5 3.8 2.9 6.0 9
S5.51TO 6.0 1.1 0.4 3.7

6.0 TO 6.5 2.5 3.0 2.1
6.5 TO 7.3 .3 0.0 .. 3. ".3
7.C TO 7.5 0.0 G.'0 0.0
7.5 TO 8.0 0.5 0.8 0.7 -_
8.3 TO 8.5 0.1 0.3 3.3
8.5 TO 9.0 0.3 0.5 0.3
9.0 TO 9.5 0 0.I 00
9.5 TO 13.) 0.3 0.4 1.2 -,

ENTRIES ...-. 975_.75 974---

-T-able 2 r4. reuenc"/ ;iisr7,r;utins__.arh issansj• ..- a" ...

Atm ..
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OIFFERENCE i4 HIGH-LOW ' HIGF1-MtID .. D... J-LOW

-2u.) TO -18.0 0.0 0.0 0.0
-18.0 TO -6.) 0.0 -. 0.0 0.0 -

-16.3 TO -14.0 0.0 0.0 0.0
-14eCo TO -12.0 0.0 0.0 0.0 a
-12.0 TO -10.0 0.0 0.0 0.3
-10.0 TO -8.0 0.0 0.1 0. I
-8.0 To -6.0 0.0 0.0 0.2 -

-6.0 TO -4.0 0.1 0.6 a.i
-4o. To -2.o 0.3 0.6 3.3 -.

-2.0 TO 0.0 0.6 1.3 2.3
0.0 TO 2.0 1.5 5.4 3.3
2.0 TO 4.3 1.8 38.0 39.1
4.0 TO 6.0 24.5 42.0 37.3
6.3 TO 8.0 16.8 10.1 14.3. . .
a-807 To 10.0 23.6 0. . 1.8

10:. TO 12.O 27.0 0.7 0.5
12.0 TO 14.0 2.7 0.3 0.2
14.0 TO 16.0 0.7 0.0 0.0
16.0 TO 18.0 0.3 0.0 0.0
18.)3 TO 20.0 0.1 0.0 0.0

ENTRIES 968 970 971

Table 25. Frequency distributions of path loss differences between

antennas for L-band
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PATH LUS. ^4 IHIGH f MID • LOL j
120.,. TO 125.0 36.4 25.4 21.9

125.,, TO 13C.1) 19.1 12.5 9.9
130.0 TO 135.3 30.6 14.1 8.4
135.0 TO 140.0 10.5 29.7 13.7
140.0] TO 145.0 3.3 13.0 23.3
145.0 TO 150.) 0.2 4.0 12.0
150.o34 TO 155.0 0.0 1.2 4. *--

155.* TO 160.0 0.3 0.0 1.1
163.0 TO 1o5.0 0.0 0.0 0.1
165.3 TO 170.0 u.O 0.0 0.1
170.0 TO 175.0 0.0 0.0 0.1
175.0 TO 180.0 0.0 0.0 0.0
180.C TO 185.0 0.0 0.0 Go0.
1,5.0 TO 190.0 0.0 0.0 0.0
190.0 TO 195.0 0.0 0.3 0.0
195.0 TO 200.0 0.0 0.0 0.0
200.J TO 2)5.0 0.0 0.0 0.0
205.0 TO 210.0 0.0 0.0
210.0 TO 215.0 0.0 0.0 0.0
215.0 TO 223.0 0.0 0.0 3.0

ENTRIES . .1279 .281 1281 ..

FADING 4 HIGH T, MID L LOW r
0-0 TO 0.5 0.2 0.0- 0.1

0.5 TO 1.0 16.2 14.0 7.6
1.0 TO 1.5 45.7 39,7 31.3
1.5 TO 2.0 13.3 11.2 1!.o
2.. TO 2.5 10.3 16.4 2645-
2.5 TO 3.0 9.0 10.7 11.4
3.3 TO 3.5 1.8 - 2.9 4.4
3.5 TO 4.0 1.7 1.5 1.3
4.0 TO 4.5 0.6 1.9 3.6
4.5 TO 5.0 0.2 0.2 0.2
5.0 TO 5.5 0.0 0.2 0.1
5.5 TO 6.0 0.5 0.5 0.5 A
6.3 TO 6.5 0.0 . 2..
6.5 TO 7,0 2.1 0.2 0.2
7.0 TC 7.5 0.1 0.2 j.2
7.5 To 8.0 0.0 0.0 3.o
8.3 TO 8.5 0.1 0.2 i. 2

8.5 TO 9.0 0.0 0.0 0.0
9*. TO 9.5 0.1 0.0 -" 3.3
9.5 TO 10.0 0.2 0.2 0.7

ENTPHES 1279 1231 12,31

-:abie "..-"T:e. uenc.: :istrbur •,s )ar-n _oss mna :aa-.g _:or
.-z and

:1

i Li Lij
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DIFFERENCE Z H IIGH-LJW % HIGH-%1ID 9, M I-.3..

-20.0 TO -18.0 1.1 0.0 0.2
.- 8. T0.-163 .0.0 0.2 ) .
-16.0 TO -14.0 0.2 0.1 0.2
-14.0 TO -12.0 0.3 o... 0.2 -. 0.2
-12.0 TO -10.0 095 0.2 0.7
..- 0.0 TO.-8. - 0.9 -8.7 .

-8.u TO -6.* 0*9 1.3 1.4
. .. .. ...... . . -.6,0 TO -4,o ... . 0o,0 _ .1.3_ .. .. . 1.6 . . . . ... .

:4..0 TO -2.0 1.8 2.5 2.C
-2.0 TO J.0 2.5 _ 3.4 4.5
0.0 TO 2.0 4.9 6.3 10.2
2.3 TO 4.0 -4.2 11.7 ___-. 27.5
4.3 TO 6o0 7.7 31.7 39.4

. 6.0.. 8.0 .. 11.6 . 28.a __.4
8.0 TO 10.0 20.5 9.0 1.8

10.0 TO 12.0 26.3 1.5 .. 0.8
12.0 TO 14.0 11.7 0.5 3.0
14.0 TO 16.0 3.6 0.2 C,2
16.0 TO 18.0 0.6 0.1 0.0

S .. ... ... 18... B. TO ... 23.0 0.7 0. 3 ..... 2 ..... .... .

.- ENTRIES 1277 1278 1279

Table 28. Frequency distributions of path loss differences between
antennas f3r S-band
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ePATH LOSS F HIGH 3 MI-D - L0.

120. 3 TO 1 *!5. 0 1.2 0.2 G.5
125.0 T'" 13.,. 2.2 3.1 26.4
1)0.3 To 135" 9. 0 14.8 32.7
13s5. TO 140 .0 14.3 23.9 22.4

O140".2 TC 145.0 18.7 27ol 1).2
145.0 TO 150. 3 2/..0 24.1 .3.9
150.0 TO 155.0 23.8 5.8 0.5o 5..r !35.2 0.9 3.215594- TO 16- 50 J 9

160.0 TO 165.0 1.2 0.1 0.I
-165.0 TO 17.3 . .3.9 0 J.0 3;1

170.0 TC. 175,0 0.1 0.0 .00
175.0 TO 13O.O 0.1. 0.0 0.0
13C,.0 TO 135. 1 ',.' 0.0 '3.3omj 13- -,- -.. 0.3- 0.0 0.
190.3 TO 195.0 0j3 0.0 3.0

. .. .. ... . 195 .. TC 2 C-.:1 0-.. . --.. . . 0 . ."
* 200.0 TO 25.,) u.5 0.0 0..0

235.0 TC 21j.00 . 0.-1 0.0
210.0 TO, 215.0 0.0 0.0 0.0

*215.0 TO0 2203. Ul*3 0.0 0.0

* - - ENTtýI S 12)9 2 1294 1122

FAD ING ~ HIGH .m 10 ~ L ei

73..,. .o 5..... T. ,-------.0 ..... -.
O0.5 TO 1.'3 3.1 0.0 3.4

1 .. TO - 1.5 1.-"- . 2.65 4*7"

1.5 T! 2.0 3.9 2.o0 4.0o2.0 TO 2.5- 4.2 3.4 5.32.5 T7 3°0 1° 19.9 17.0• -
-. " "- 3..) TO ... .m---- 3.[ 10.2 23X9 -

3.5 T o 4.0 6.C 7.3 4.7
"4.0 T 405- ... rr.7 .14.1 9.6
4.5 TO 5.3 2.I 3.6 7.2 0

v~ • .... r._. o --- 3- . . ... 9+-+ . ... 13.2. .. . 7 .. ,"'
5.5 Tr2 :..0 5.2 5.9 2.5

-*3 TO -0 6- 277 . .2;7-
* -,.o5 T. 7,)-. . 2.. 3.4

7-.) TO 7.5 6.8 3.5 0.4
7.5 TO 8. i 2.7 1.9 2.5 0
8 8.C T9 3.5 - 2.3 3.4 1.2 1,
8.5 TO 9.0) 2..', 1.,) 0.2 M

9.0 TO "4.5 1. 7 - 0.6 0.3
S9.5 TO 1.1 1..5 3.6 4.8

E: N TRI 5S 1292 1294 1282

Table 30. :recuenc- :istrijurions :f iath -.oss md •adin2 -a'cr X-bar.d

777I7I77f.i ...... .I
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)
H I FE E C : H G H-i L f i -1 H G i-I IO J ,I D-L Ole

T) - 1o,' : -,'.0 25.,; 1.1 -7.1
-13.'3 T 0 -1.5. 6,7 1.5 3.1
-16.03 TC -14.0 3.0 1.8 5.5

) -14.) TC. -12.) 10.6 4.2 10.1
-12. . TG-1O . C 10.8 703 13e2
-10.3 TJ -3.0 11.2 9.0 19.7

) -:3.0 TO -6.-) 7.5 12.' 1-t.5
-6. '' T-3 -4. c 7. ', I119 11*3

-4.0 TO -2.0 3.9 15.4 6.8
-2.0 TO '. 2.2 12.2 5.7
0.3 T") 260 3.2 9.0 3.5
2.0 TO 4.6 J 1. 7.7 2.7
4.) TO 6.) 1.5 3.5 0.7 7

o.O TO 3.0 o.1 2.1 0.7
a.C C3 IJ.j 0.2 0.9 -3.2

10.3 T:i 12.) 3.4 0.3 00,1
12.3 TO 14.0 0.2 0.2 0.0
14.3 TO 16.d ).1 0.0 0.0
16.C TO 13.J *.:0 0.30 0.0
18.J TO 2"J.? '.0)0 0.:)

)- _ .i:."IT R S ........... 1273 - 1289 1211I

O=T r, 3 E g HIGH g MI9 L LOW

3.0 TO 10.0 0.0 0.0 0.0 M,
10.- TO 2).0 2.2 0.1. 0.2
2-- " TO 3:.) 25o.-3 6.5 3.9
3 , . 7 2 1ad2 . 5 . 3 .

40.3 TO 50.J 9.5 13.5 1.9
50. 3 TO -S-.0 3.3 .38 2.9
60.0 TD 79.0 4.3 6.1 3.1
7..,3 T'3 i .0 3.3* 4.d 2.3 P2
30e 3 TO 4,,0 4.4 4.9 4.2
9O.-j TO 1303.) 3. 4 - 4.2 4.4

100.0 Tn 11 .'3 2.*1 5.4 5.2
!lu.v TO 12'1.-)- 3.3 5.6 4.9
12.3, TO 1.3.J 2.3 6.1 5.7
13B.- 1t.. 2.4 5.2 5.5
140..) . 15.)J 2.7 3.8 9.9
S15').3 TO T s1.') 2.,) 2.4 6.1
16•.•3 TC 17.) 0.7 2.0 5.5 f_
178.2 TO 1.. 1.2 7.0
Is:. T 0.9 5.4
LgT. "" 2". 3 1.1 1.9 23.4

E'JTRI=-S 1271 1277 1277

Table 31. -reauencv distributions )f -ath loss difference and
detection range ior X-bana
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DET RANGE %>H5• % ID 1> L....

1..0 10.0O 100.0 iO,).j
* 20.0 97.3 99.9 99o1

3G.O 69.0 93.3 99.1
40.0 9.4 -- 77.1 93.4

S50.0 36.9 63.6 96,5
&0.O 35.1 54.7 93.6
7C.0 30.3 43.6 90.4

. 80.' 27. 43*9 3,3.2
90.0 22.6 38.9 83.9- 1O . .. . . . . . 2 . .. 3 ,.7 79.6

S110.0 17.1 29.3 74.4

120.0 13.8 23.6 61.5
130.0 11.5 17.5 62.8
140 3 Q..1 12.3 57.3
150.0 6.3 8.5 47.4

.. . .. .. .166 4. 3 6. 3 .. 41.3 3
170.0 3.6 4.- 35.8
3u.0 . .1.6 2.8 2S.6

1oo.1 1.9 2394
S200.0 . . .); -0.3 -0.0

ENTRIES .- 1277 1277 " 1277

SET Zi\,•GrC .I F 'v HIGH-LMW V HIGH-MIT X, M ID-L,314

-T_+ 00 __- -7 .9
-50.0 .T. '-t5" 774'3 20 '8 .770.9

•)-45.U TO -4-.j. 2.7 3.1 2.5

-4"..,, T3 -35.3 2.4 3.6 3.2-35.L ," • -30. ) 2.2 4.2.. 2.0

-30.0 TC -75.,) 2. 4.7 3.1
-25.) T3 -20.0 1.98 6.9 2.4

...- 20.0 TU -- T 5 O' -. . .1 . .. ..... ..... 6";9~ .. ... ..... .- . . .

-15.% TO -10 .* 1.1 9,, 1.8
' -10.0 TO -5.3 0.6 - 9.2 1.4

-5..j TO j.) 0.6 7,7 1.6
0* 0.2 TO 5C3- 1.6 5. 1.6
5.0 TO 10.0 1.3 4.0 1.5

10.0 TO "15.J -- -. - - - 2.4 .. . ... ^.9
15.o T'ý 20,33 D. 3.3 ).o20.0 TO 25) 30 . .2 0 . -,,.,.3 3.,3 0.6 .

25.j TO 3,0.) ,2 1.4 ).4o 30.0 TO 35. 3.3 1.3 0.6
35.t Tfr 40.0 0.2 1.2 0.2
"4C.0 Tr 45.0 0.4 0.9 .30.2
45. 0 TO 50.. .),9 2.7 1.2

"E" TRIES 1127? 1277 1277

Table .2. jamula.iv•.,e- diis"tributicn :-f 4ecectýicn range -nd -zrecuenc":
Sdistributi.on Qf letection range differences -:r K-ý.and

I0, -.. .. ........ . ... .•
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PATH LOSS I HIGH I MID • LOW

120.0 TO 125.0 0.0 0.0 0.0
125.0 TO 130.o 0.0 0.0 0.0
130o.o TO 135.0 0.4 1.2 0.5
135.0 TO 140.0 1.8 10.1 5.7
140.0 TO 145.0 9.5 22.8 16.1
145.0 TO 150.0 19.6 13.0 15.8

150.0 TO 155.0 15.6 7.1 1.4.2
155.0 TO 1o0.0 12.9 10.4 18.3
160.0 TO 165.0 14.5 11.5 17.1
165.0 TO 170.0 12.4 14.4 83.9
170.0 TO 175.0 9.8 7.1 2.8
175.0 TO 180.0 2.1 1.7 0.4
180.0 TO 185.0 103 0,3 0.0
185.0 TO 190.0 0.1 0.5 0.1

190.0 TO 195.0 0.1 0.0 0.0
195.0 TO 200.0 0.0 0.0 0.0
200.0 TO 205.0 0.0 0.0 0.0
205.0 TO 210.0 0.0 0.0 0.0

210.0 TO 215.0 0.0 0.0 0.0 v

215.0 TO 220.0 0.0 0.0 0.0

ENTRIES 777 772 772

FADING % HIGH % MID LOW

0.0 TO 0.5 0.0 0.0 0.0
0.5 TO 1.0 0.0 0.0 0.0 I
1.0 TO 1.5 0.0 0.0 0.0
l." TO 2.0 0.0 0.0 0.3
2.0 TO 2.5 000 0.9 0.0
2.5 TO 3.0 0.0 0.5 1.2
3.0 TO 3.5 0.0 0,1 1.3
3.5 TO 4.0 0.4 1.0 3.0
4.0 TO 4.5 1.2 2.2 2.2
4.5 TO 5.0 0.0 0.3 0.0
5.0 TO 5.5 3.7 3.1 4.0 ."
5.5 TO 6.0 4.5 4.4 4.0
6.0 TO 6.5 . . 7 6.6 5.2
6.5 "tO 7.0 4.5 3.6 3.2 j

7.0 TO 7.5 5.3 4.0 3.5
7.5 TO 8.0 4.1 5.6 8.0
8.0 TO 8.5 8.6 4.7 2.8 -V

8.5 TO 9.0 9.0 8.4 6.19*0 TO 9o5 3o3 2.7 3.0 •••9.5 TO 10.0 47.1 51.8 52.2

ENTRIES 777 772 772

Table 34. Frecuenc'v distributicns -f =ath loss :nd f-d.adin;
foTr Ku--irarid -,-[
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DIFFERENCE Z HIGH-LOW • HIGH-MID • MID-LOW

-20.0 TO -18.0 1.8 0.0 0.3
-18.0 TO -16.0 1.4 0.4 1.2
-16.0 TO -14.0 3.6 1.2 1.4
-14.J TO -12.0 4.3 292 25.5

-12.0 TO -10.0 4.8 4.3 3.3
-10.0 TO -8.0 6.1 8.4 4.2
-8.0 TO -6.0 7.8 16.1 6.5
-6.0 TO -4.0 13.4 16.2 8.7

. .. -4.0 TO -2.0 - 11.6 -14.0 9.6
-2.0 TO 0.0 16e4 10.2 14.6
0.0 TO 2s0 l0,6 10*6 9,O

2.0 TO 4.0 7.1 7.0 10.2
4.0 TO 6.0 5.5 492 8.6
6.0 TO 8.0 2.5 2.3 8.0
8.0 TO 10.0 1.7 - . 2.3 ... 5.7

10.0 TO 12.0 0.6 0.4 2.5
12.0 TO 140 " 0.4 0.1 2.1
14.0 TO 16.0 0.3 0.0 1.0
16.0 TO 18.0 0.1 0.0 0.7
18.0 TO 20.0 0.0 0.0 0.0

_ENTRIES 770 771 767

Table 35. Frequency distribu'tions of path loss differences
between antennas for Ku-band

).w
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l'cTH LOSS H IIGH % MIY . LO

120.3 TO 125.0 0.0 0.') 0.0
125.. TO 133. - 0.0 0.0 0.0
13( 1, TO 135.0 0.0 0.0 0.0
S135.Q TO 140.0 0.1 0.1 0.0
142',.3 TO 145.0 1.1 U.3 0.0
145. TO 153 .0 0.8 O.b 3.0'15,:. '- '155. 1-2.Q 0 .9 40.7 -

, T 55 14.3 ?
160.0 TO 1b5. 0 26.8 55.4 3.8
165.3 Tn 170.0 2.4 28.0 44.5
17L.'2" rT 175,0 3.0 (.4 48.3
175.0 TO 130.0 0.') 0.0 1.9
190.0 TO 1835.0 0.0 0.0 0.0
185.C TO 19Ct 0.0 0.0 0.0
S190.3 Tr 195.0 0.0 0.0 0.0
105. " TC 2jC.O Q 0.0 0.0
200.0 TC 20)5.0 0.0 0.0 3.0
2C5.v Tn 210.0 0.0 0.0 0.0
21n.,0 TO 215,' 0.0 0.0 0.0
215.1) TO 220.3 0.0 0.0 0.0

ENTRIES 1405 1405 14,6

FAD ING "g HIGH • MID D, LOX.

0.0 TO 0.5 2.2 2.2 -. 9
G0.5 TC 1.0 1?.7 5.73.
1." Tr Lo5 24*.2 10.2 2.9
i.5 T2 2.,0 35.7 34.3 17.o
2.0 TO 2.5 7.1 13.5 13.2
2.4 TO, _ 3.0 9.5 19.1 21.7
3.'? TO 3.5 1.4 3.6 5.0.
3.5 TO 4.0 0.9 3.6 11.0
4.0 TO 4.5 0.6 2.1 3.3
4.5 TO 5.0 0.6 • 2.4 5.1
5.0 Til 5.5 0.2 0.5 1.5
5.5 TO 6.0 0.- 1.0 2.3
6.0 TO 6.5 0.0 0.3 1.1

7.c. TC' 7.5 35 ).2 ).5
7.5 Tr, 8.0 0.0 0.0 1.5
8 aC TO 8.5 001 0.0 0.3

.8.5 TO 9.0 0.0 0.4 0.4
9.. TF 9.5 j-.0 0.'Do 0.7
9.5 TO 10.0 0.0 0.3 L.5

FNTRIES 1405 1405 1406

.aoie 27. 7requenc-: aisrr:bur:ons ri •acn _oss anra Jaainr for
-~and

!Ze



I. SAJ(), GREECE _ OVEM.;,ER 1972
?41.

i DIFFEV:E-CE ; hIGH-Lr,, ' H I Gi-MI.:) ;'I'-C

-2t.. TC -183.3 0.0 0.0 .0
18 .' T Ij -- 16. G ., . ]0*

-16.3 TO -14.0 3.C 0.0 0.3
-14..) "tr -12.3 0.0 0.0 ).0

-12.2 T"' -10. )e.) 0.3 0.0C-10.u T"r -3.1 0). 1 0.0 03.

-3.,- T C -6.0 . 0.0) 1.5

-6aO Tf. -4*0 0.0 0.0 3.0
-4.-) TC -2.) 0.v 0.1 ).1
-2.-) TO 3.0 .%.0 0.3 0.1

0.0 TO 2oU 0.0 0.6 0.6
2.0 TO 4.0 0.3 12.2 2.4
4.'? TO 6..) 0. r 80.1 3,5
6.3 TO 8.0 4.3 5.9 74.9
8.U TO 1C.0 4.5 0.6 11.7

I0.) TD 12.2 44.9 0.1 14
12.0 TP, 14.0 40.7 0.1 O.1
14.0 TO 16.3 3.6 0.0 0.1
16.e' TC 18.0 1.0 0.0 0.0
13.0 TO 20.0 0.1 0.0 0.0

ENTP.I ES 1404 14C3 1405

Table 38. Frequency distributions of path loss differences
between antennas for L-band
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S '3A,-,D9 GREECE NCVEMBER 1972

PATH LOSS HIGH 1 '.[9 " LOW

i2j. :ý;Z T G 125.ý 0.0 0.) 0.0

1Z5.o2 TO. !.3 0.6 0.4 0.0
"L30.v TO 135.' - . . 0.4 3.6
I35."5 TS 14uoO ""06 0.2 0.21 't).¢ 14L.5.0) 6 .4 0.7 0.2

145.' TC 15).3 2-3.2 6.5 2.1
I50 C T1 155.0 33.2 11.7 6.6
155.. TO iX).0 26.5 29.4 12.i
L60,.,J TO-' Pj5.0 11.7 35.1 36.0
165. C, 17 0.a0 0.1 13.4 28.3
170.' TC 175.0 0.0 2.1 12.6
175.2 TO 18"." 0 1o 1.3
1 E.0 TO 115.0 0.3 0.11 0.0
If1,5.u TO o0.1) 0 0.0 .
1)1.%. TO 195o0 09.0 0.0 0.000
195.0 To 200.1) 0.0 0.0 0.0
230.3 TO 2-5.') 0.0 0.0 0.0
205.0 T') 210.0 3.0 0.0 0.0
"210.0 TO 215.0 0.1) 0.0 0.0
215., TO 22,." 0.0 0.1 0.0

ENTRIES 1265 1257 12c5

F' ,;G HIGH 1 MI. 4 LOW

0. TO 0.a 0 0.5 0.5
0.5 TO 100 14o5 7.2 1'.6
l.-, TO 1.5 29.3 16.4 D3.5
1.5 TO 2.. 14.5 14.3 12.5
2.0 TO 2.5 Z3.2 15.8 9.1

. .2.5 To 3.O . 1.1. I21.2 2.5.,)
-3 - T . 3.5 . . 5.2 1. 8 . 13. 0
3. TO 4.0 2.6 7.6 5.1
4.3 TO 4.5 0.0 1.4 5.9
4.5 TO 5.0 0.0 0.2 2.1 .
5.0 TO 5.5 0.1 1.2 6.2
5.5 TO 6.0 1.3 0.2 3.4
6.J TO 6.5 00°0 0.2 1.3

V; 5 -0 7.. 2.0 %.)
7.0 TU 7.5 -.! e.5 2.5
7.5 TC 3.0 3.0 0.2 0.6
.. 0 TO 8.5 0.0 o.( 0.0
1,.5 TO 90) o.. 0. 13

-_ 9.3 TOq 9.5 0.0) 0.0 0.0
,.5 TO 13. 0..') 0.0 3.5

SE4TRI ES 1265 1257 1265

Table ILO. Freauenc'. iistr4butions ni 'ath loss and fading -.r z--and

SN0
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DI F FRE'ICE 4, HI"--LOW • HIGH-rID , MIP-L. .. W

"C2.'.(., T - 0 , 0.- 0o0
-18.0 TO -13i U.0 0.0 0.0
-16.0 TO -14.0 0.0 0.0 0.0
-l•14 TO -12.0 0.0 0o0 0.0

-12,0 Tf -6.0 0.0 0.0 0).

-6.3 Tn -4.3 0,1 0.0 0.2
-4.0 Tr -2.0 0.0 0.0 0.1

-2.0 TO 0.0 O.1 0.1 0.5
0.0 TO 2.0 0.2 0.7 2.4
2.0 T C 4. 0.2 4.9 35.3
4.0 TC 6.0 1.1 34.3 52.8
6.0 TO 3.0 5.4 53.3 3.1
3 ,,7 13 13.0 24.6 6.l 0.30

"10.J TO 12.0 50.4 0.5 0.2
12.( TO 14.0 16.0 0.1 I. ,.C
14.0 TO 16,0 1.4 0.1 0.0
16.0 TO 18.0 3.6 0.0 J.0
18.C T! 23.0 J.0 0.0 ".30

ENTRIES 1261. 1255 1254

Table 41. Frequency distributions of path loss differences between
antennas for S-band .

5-

5. i.
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12:.0 TO 125.) 0.0 0.3 0.0
125.) TO 13 j') '%*1 0°5 1.0
130.0 TO 135.) 0.6 5.6 5.4
135.) TO 14J.3 17.6 11.1 10.8
It3,00 TO 145,o 1609 14.0 '3.2
145.0 TO 150.0 25.2 15.7 10.2
15:.) TO. 155.0 10.7 16.2 12.6
155. TO i60o. 1.2.5 13.2 13.3
160.0 TO 165. ) 3.4 11.2 9.0c
165. u Tn 17).3 1.6 7,2 11.9
170.0 TO 175.0 2.5 1.9 9.7
175.0 TO JR0.0 0.0 1.4 3.0 C"
180.0 TC 1:•5. 0o0 1.4 1.4
1P5.0 TO 193.0) 0.0 0.6 1.0
19'9.0 TO 195.) 0.0 0.1 0.5
195.0 TO 2J0,0 3,0 0.) 0.9
200U .I TO 205.0 0.0 0.0 3.7
205.3 TO 21 . ) .0 C 0.0 0.0
210.0 TO 215.0 0.0 0.0 0.0
215.J TO 220.3 0.00 0.0 3.0

E'ITR!ES 1251 ... .1248 1250

FADING X H!GH g MID , LOW

0.0 TO 0.5 37.3 31.6 24.3
S0.5 TO 1.3 .22.6 23.9 21.9

1.0 TO 1.5 13.3 14.7 1.5
1.5 TO 2.3 11.2 13.4 12.4
2.. • , 2.5 - " 4..) S.d
2.5 T 7- 3.0 1.2 6.2 10.3
3.0 TO 3.5 1.0 5.0 6.0
3.5 TO 4.0 0.2 0.2 0.C
4.3 TO 4.5 2.3 0.6 1.2
4.5 TO 5.0 :.2 7 0.3 0.2
5.0 TO 5.5 002 0.1 0.1

...... ..... 5.5 TO 6.0 0.1 0.0 0.2
6.) TO 6.5 1.1 0.2 0.2
6.5 TC -,3 '.! 0.)9 J.2 LI
7.. TO C .5 7.. 0.1 3.1
7.5 TO 3.) 0.2 0.0 1.)
8.0 TO ,.5 0.1 0.0 3.2
3.5 TO 9.3 0.0 0.0 0
9.) TC 9.5 .31 '3.0 3.0 ,
9.5 TO 10.0) .. 0 0.0 1.1

F*NTRIFS 
. 1251 124 3 1'iC

-able - F. Frecuencv discributions of iath loss and fading for X-band

LI
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DIFFERENC; " HIGH-L!*.'. HIGII-'AID '. II-L9- W_1

* -20.0 TO -16.0 0.5 0. . 3.)
-lar Tl -16t )0 .4o 3.0-16.0 TO" -14. . 1.2 ...2. '.

-14.') TO -12.0 1.2 1.0 O.C-12o.) T. -100) 1.4 0.9 0,1

-10.. TO -8.0 1.6 1.3 9.2
S-.3 TO -6.0 2.1 2.6 1.1

-b.a TO -4,0 1.8 2.2 1.4
S-4.0 TO -2.0 2.0 3.4 3.3
-2.0 TO 3.0 1.B 7.5 5.0

0.0 TC 2.0 5..8 16.1 11.2
2.00 TO 4.) _7.1 .17.6 14.6
-4. t' Tr 6."; 7,6 19.1 29.6

06. TO 8.0 11.2 17.0 20.08.0 101.0 13.77.9b8.. o i *-V - i Y.. . . . . . . .. .. ..... . . . . .. .--- ý - - --- ,6 . . ....... .
10.0 TU. 12,0 9,2 1.9 2.1
12.0 'r0 14.0 10.7 1.0 0.9
14.0 TO 16.-; 9.9 0.2 0.2
16.0 TO 18.0 5.7 0.0 0.4
1 .80 TO 20.) 5.0 0.t ).3

SENTRIES 1249 1247 1248

DET RA'.G.E , I G;i . . .. MO ..D_.L Cl I

0.0 TC 10.0 0.0 0.0 .).0
10.." TO C, 0. . 7 .1 ?3,7 33.1

2C.3 TO 3C.C 32.5 28.1 2o.5
30. 0 TO 40.0 21.6 12.3 13.0
40.e ' TO 50., 909 6.3 5e2

'50.0 TO 6 0.0 .5 4.3 2.1
60.0 TO 70.0 2.2 4.1 1.3
70o,' TO 30.0 3.0 2.3 1.6
0(?. 1 TO 90.0 3.9 2.6 2.9
90 9.) TO C1 O. 7.1 2.q 3.4

100.l0 110.0 3.4 3.4 1.4
11C.) TO 123.3 3.4. 1.5 1.7
1,2 '" ) TV 13:, *..7 3.2 1.5
130.0 TO I•O') 0.0 1.5 1.7
140.0. TO 153.') 0.4 1.0 .. 5

0150.3 TO 160.3 0.1 14. 1.6
160.0 TO 17,3.) - 0.2 1.0S17C.': TO. 193.).. .2 0.0 .. 0

,. 1 ,.. T ,, .I 0. ..) 0.1 3.i1,.)

""l'C.) T? 203).) O.: 0.4 4.5

2 JTP - c.S 1247 12-47 1247 __

:abie -eauenc'- :ist•rbut:cns .f -ath l- oss ý-fference md
ietec:ion range for -c-band
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112 T KA G > H G 1> 1 .'a'> LOW- ]

I l. 0 1Oi,.n 13 .) 11 . CO.0

29.0 92.09 76.3 61.9 "
q..) 60.4 48. 1 35.4
40.C 38.3 35.3 27.4
50.0 28.9 29.q 22.2
60.0 24.4 24.6 20.1
70.9 22.1 20.5 1.890.0 10.! 18.2 17.2 --4

90.0 15.2 15.6 14.4
lOCOC 8.2 12.7 11.0
110.0 4.8 9.3 9.5
120.0 1.4 7.8 7.9 1
130.0 0.7 4.6 6.3
140.0 0.7 3.0 4.7
150.0 0.3 2.3 4.2
160.0 0.2 0.6 2.6
170.0 0.2 0.5 1.6
1SC.0 _=c 0.5 0.6
1910.0 0.0 0.4 0.5
200.0 0.3 0.0 0.0

ENTRIES 1247 1247 1247

DET :ANGE DIFF ' HI.3H-L'.. g HIGH-'ID 0 ID-L.

-5,.o ro -45.0 8.6 5.2 1.8
-45." Tn -40.0 -0.4 0.8 0.7
-40.3 TO -35.0 1.- i..4 3.3
-35..! T,] -30. 0 3.2 1.6 3.9-3-0. 7 -C -25o) 3.* -- 0.7 iol 11 i
-25.) TO -20.0 0.6 0.5 1.0
-20.0 TO -15.0 ..... 0.3 1.6 0.5
-15.3 TC -10.0 0.3 1.4 1.3

,-10.') TO -5.0 0.7 1.8 1.9 d
-5.0 To 0.3 1.1 4.3 1.6
0.0 TO 5.0 10.3 35.0 47.5
5.0 TO 19.0 33.3 27.3 21.9

A. - 15o. 17. L 8. 5 5.9
.5 - _•. -. 4. .• ••

20.) TC 25.3 3.4 2.2 .
25.9 TC 30.0 3.0 0.6 l.s
30.3 TO 35.0 2.1 0.8 1.4 1
35.0 TO 4%j.. 2.2 0.6 X.9
40.0 TC 45,9 1.8 0.3 0.2
45.0 TO 50.') 4.1 1.1 D.2

FN TP RES _ E 124" 1247 1247

Table-5. ',=muiar:.-e :istriburian :f :erec::on :ange -na "zecuenc-:
:iscr~burzn - _etec:-.on :ange ;-iffar-.ces .r "-ana

"V1
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P.\TH L,-SS i H[GIl ' 4tO , LOW

120.. TO 125.' 2.0 0.")
1.25j TO 133.0 0.0 0.0 0.0
130.) TP 135.3 0.0 0.0 1.2
135.? TL C 14 40 0.1 0.8 11.6
140.9) Tr 145.0 4.0 10.4, 2B.O
145.3 TC 153.0 24.0 35.5 14.9
150.0 TC 155.0 33.3 21.4 12.0
115.0 Tf' 1•" ,). : 5 16.3
16] C, -r 1155.i" 5 6.8'

165o0 'T3 13.o0 4.4 4.0 5.2
17-. 3 T 0 175.0 1.3 3.u 3.6
175.0 TO 1-0.0 0.8 1.4 2,8
13C.0 TO 1d5..) 0.1 0.3 2.0
185.0 TO 193.J 0.1 0.0 0.9
19C"2'0 TC 1950. 0.0 0.0 0.,
19,5.0 TO 23j.') '.0 ij 0.03 0.0
2)3.;- TO 205.0 0.0 0.0 0. 0
205.30 TO 210.0 0.0 0.0 0.0
210.0 TO 215.0 0.9 0.0 0.0
215." TO0 220.0 '. C. 0 0.0

ENTRIES 1001. 991 998

FAOING HIGH • MID I LOW

0.0 TO 0.5 2.. .6...6".............- 2.3 " .
0.5 TO 1.0 1.4 0.7 0.3
1.0 TO 1.5 20.0 20.2 15.1
1.5 T - 2.0 5.1 5.3 5.6
2.3 T1 2.5 n,.0 1.o
2.5 TO 3.j 44.9 44.7 47.3
"3.C TO 3.5 1.8 3.9 .. 5
3.5 T9 4.0 14.0 12.9 11.6
4.0 TO 4.5 0.4 0.4 2.-
4.5 TI _ 5.0 0 1 0.4 1ei
5.0 C - 5.5 - 3.8 .3.8
5.5 TO 6.0 0.1 0.1 --0G
6.o3 TO 6.5- - 5.4 -- 2.9 1.2
6.5 "O ".2 3.3 0.3 7.

7.". TO 7.5 0,3 C.) o.0

7.5 T 0 3.0 0.1 0.1 0.2 )8,G TP 8.5 0,0 0.0 0.0
.o5 TO 9.1% A.0 c.oo0.0 0.0
9.0 TO 9.5 0.4 0.5 n.0.0
9.5 T'; 1i.3 'Jo3 0.1 0C

EtTR I ES 1*)01 996 99

"Table -'7. reacuency distributions -f at:ah Less m-nc aaing :or :u-eand

.47
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D 1FFER --I CF H rIGH-LOW ' HIGH-+IO I M4D-LMW

-21.: TO -18.:) 5o9 .,3 2.3
-18.0 TO -16.0 4.2 0.4 1.4
-16.n TO -14.0 3.o 0.9 2.1
-14./ T1 -12.0 5.2 161 3.7
-12.0 TO -10.0 6.2 2.2 3.8
-1).) TO -3.) 6.5 3.9 5.4
-3.j T'J -6.0 f)a8 6.3 4.6

-6.. TO -4.0 7.J 12.3 8.8
-4., TO -2.0 5.7 14.0 7.4
-2.3 TO 3.0 5.3 14,9 11.1
0.0 TO 2.J 6.8 15.9 13.1
2.0 TO 4o. IJ.q 13.3 12.7
4.3 TC 6.0 5.4 7.6 10.1
6.3 TO :3.0 5.3 4.1 6.0
8.0 TO 10.0 4.9 130 3.2

10.0 TO 12.0 3.3 0.8 1.8
12.0 TO 14.a 1.7 0.2 L.2
14.0 TO 16.0 1.3 0.1 0.7
1b.,. TO 18.0 1.8 0.0 0.1
13.C TO 2..3 _ _ 1.5 0.0 0.1.

FNT RI ES 998 993 998

Table 48. Frequency distributions of path loss differences
between antennas for Ku-band

-E
S. ... . . . . ..
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0 - Y&U.L2Js G; CC E11712

A. 1I0-LOw

0.0 Z > 20.0 UB1
0'.3 • > 15.0 D 6

6. 7 > 6.0 Cý
17.1 > 3.0 1;8
34.3 4 > U.0 0849.6 ;g> -3.0 0B

83.0 > -10.0 J8 -J3

94.8 Z > -15.0 05
99.4 % > -ZO. 0 D8

TOTAL ENTRIES 1146

B. FADING MID- LE C. FA.IJDING LGW

0.0 7 > 20.0 O2 0.0 t > 20.0 DB

0.2 • > 15. 0B 0.2 . > 15.0 DEL
1.6 4 > 10.0 De 9 0.4 4 > 10.0 Db
3.9 % > C. 0t 1.2 > .O0 F,
7.4 1 >" 6.0 -8 5.9 . > 6.0 08 3

11.4 -b > 5.0 DB 8.b ; > 5.0 DF R &

17.2 A > 4.3 C6 i2.. z > .O D a
Z9. 3 5 > i.0 03 20.6 > 3.0 '
53.6 ; > 2.0 0B 43.1 > 2.0 D5
C1.o • > 1.0 Ob . .. .. 86.6 • > 1.0 06

TOTAL ENTRIES = 1154 TCTAL ENTRIES = 1155

Table 49. Statistical presentation for Ka-band

LI
AMD WA QVIN, V11,1]
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KA GAND, GREII0-E NuVEMdER 1972

PATH LLSS 6 MID ~ L.

12G.0 TO 125.0 0.0 0.0

ix£25.0 TO 130.0 0.0 0.0
130.0 TO 135.0 0.0 0.0
135.J TO 140.j C.0 0.0
140.0 TO 145.3 0.0 0
145.0 TO 150.0 O.0 0.0
151.0 TO 1:)5.3 0.0 0.0
155.0 TD loU.0 0.1 0.3
160.0 T . lc.5.U 1.2 15.7
165.0 T L 1 N.0 e-I. 33.2
170.0 TO 175.J 30.3 26.8
175.0 TJ 1-J.o 2"i. 5 14.9
1.30.0 TO 1.0j. 1.L 6.8
I13i. 0 Tj 1,70.0 3.0 1.6
190.0 TO 1q5.0 0.3 0.4
195.0 Tj 2 Q.1 I3
200.0 TO UG. .0 0.0I205.0 TO J U.J1. 0.0 0.0
2110.0 T*O " 0.0 0.

NP215.0 T') 223.0 U.0 0.0

ENTRI1ES 1154 11i55

Table 50. Frequency distribution of path loss for Ka-band

0UV

~my
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0 1 F PHi<E NCE .41L-LU-4

-20.0 TO -:16. 2.1
-lS.0 TO -16.J 1.8
-£6.0 TO"--i 1• ... 3.2

-14.0 TO-1•.O 3.9
-12.0 TU -L . 5.8

-I0.0 TO -0.J 7.2
-3.0 T3 -o.0 9.5
-o.0 TO -4.0U
-4.0 TO -2.3 -3.9
-2.0 TO 0. 10.b

0.0 TO 2.0 12.7
2.0 TO t. 10.1
4.0 TO b.0 4.7
o.o TO .u 2.9

-O.TO 1.0 -1.9
10.0 TO U2.0 1.2
12.0 TO 1..0 0.2
14.0 TO 1o.0 0.3

16.C TO 10&.J 0.2
18.0 TO0 2J.0 0.0

FADING % MID i0L Ic

0.0 TO' 03.5 (0. 7 2.2L
0.5 To 1.0 7.9 10.2
1.C TO 1.5 27.1 23.6
1.5 T j 2.J 1l.b N0. 7
2.0 TO 2.• 8.9 6.5
2.5 TO 3.3 15.5 21.2
3.0 TO 3.5 -5.9.. 4.0
3.5 T- 4.0 -.2 4.3
4.0 TO 4.5 3.0 2.2
4.5 TO 5.0 0.0 0.0
5.0 TO 5.5 2.9 i.6
5.5 TU 0.3 4.0 2.7

.o0 T 0 ).3 2.2 .
6.5 TO J 7.0 u. i.0
7.0 TO 7.5 0.0 0.0
7.5 TJ 3.0 0.7 0.3" j
8.0 TO 1.5 u.5 0.3 L
8.5 TO 9.0 0.6 '.0

9.30 TO 3 -. 0 2!3 .
9.5 TO iJ.J 1. 0.5

]abie 31. 7requency .iiscribuc-_ons -r :arn Loss :i4ference :n
:aodng for Ka-bana
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pjrH LCSS .4

1 To 1'55.02?. - 15.2 1.212:5. o n .j Io no 1.3 0.6

S10.:1 TOC 135.0 2.7 2.4 1.*
135.0 TJ ".10.0 3.6 2.6 2.4
170.0 TO 1+5.0 10.4 3.7 3.1
145.0 TO) 1[0.0 L4.O 8.4 2.0
1 0'5N) TO 155, 0 2?. 0.02 10.0
155.0 T) 1 6 ..'t) 32' . ixo3.1 1..0TG . TC. 1,5.0 A'. 7 36..4 9.0

S165 e,, T .j 17J,O 0 6i 14 .1 2 C. 4

1700.0 TO 175. 0.0 0.' 29.6
275.,0 T." 213.0 0. 000 0.213O.O 1 0 1 )1,5.0 0.0 -I..l0.0

10o:0 TO '50:0 0.0 0.0 0.0

I,5 .. .. T433•. 0.0 047
""20.J TO F I ' . 5. 0.0 0.0 1.)
205.0 .0.0
210.15 T 215.0 0 . 0.71 0.0
2.5.• T_ .2.0 8.31 0.9 2J.

3.ETRI5ES 4385 4342 .3.7

4 0. TO 4.5 ' .3 2.7
0:5 T, 5.0 016.1 7.1 1. 1,,}-C L .5 -76 .7 18.5 13. i'

•T .' r. .2, . 31 . 25,- 5,.

2.0 TO 2.5 1 7.9 13.5 7.9
2.5 TO .. ) 8.3 16.9 2).1
-3e.' T f- 3 5 " ,8 5*1 1102
3.5 T] 4.0 2.2 3.7 7.5
4..t TO 4.5 0.0 1.3 20.
45. TO 540 0.0 0.9 1.3S590 TO 5,5 1.3 2.0 5.6 w•

S. .. 5.5 TO C, .j 0.3 0.5 1.2 ••E
6o' Tr 6.5" "0.6 1.0 -1.3•
53.F -r, ?. 1.j 3.i _."

7.5 Tli .3.0 0.3 0.7 1.51.) TLO 8.5 0,0 0.0 0.1 .S8.5 0. 01 0iO 3 0.3
9,(0 Tr' , 5 0.1 0.3•

9 .5 T, 1-0.0 0.3 .7 1.3

P.T. RI.FS 4395 '+391 4337

2aDie 52. Trecuenc: :-istrzburzons -f tarn loss -na .aaing :sr
..- oand
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UI- F-. F. I!C " H ; -H, :- I GrI-M I') v '!.-L 1"

Ti- -1 .0 0.0 3.0

-16..0 Tý: -14.) . .. . -r" ).).
-140 TO -12o (.00 0.0 0.0
-,&. 21 1 r -I .) 0.. 0.) 3.0
-t%."1 Tr -3.0 ,. ",*.r ,).)a .),

-4.0. T" -6. J 0.1 0.0 0.L
-6.0 T C -.. )0 00.1 J.i ..,..

-4o- Tr -2.,.) )a1 002-),

-2. TO 0..) .2 0.4 0.9
0.C T C 2.) 0.4 1. 8
2.0 TO O-o'3 (]o7 14.13 1.9

4t.- T' 6.,) 5.* 39.4 24.4
o T') •.,: o.5 13.9 43.9
.. ... T 0 12. J2.- ;' o

10.') TO 12.-J 2- .6 1.9
I.2.n TV" L.'J -"24,3 ... ... ,3 .. .0.2

14.0 TV 13.0 12.- 0.0 0.1
16. TQ 13. .. 0.0 10.0

E.ATRIES 4354 43b3 4373

Table 53. Frequency distributions of oath loss differences between
antennas -or L-band

K.
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PATH LCSS HIGH • MID % LOW

120.0 TO 125.0 12.9 8.9 7.6
125.0 TO 130.0 6.4 4.4 3.3

__..130..P. TO 135.0..- . -9.7 4. 4 9 3.3
135.0 TO 140.0 5.6 9.3 6.2
14030 TO 145,0 7.2 6.1 7.5

145.0 TO 150.0 18.8 7.5 5.9
150.0 TO 155.0 23.5 14.* 7.2
155.0 T: 160.0 11.9 22.7 7.7
160.0 TO 165.0 3.8 . . .16.5 14.4 _

165.0 TO 170.0 0o1 4.8 21.7
. . 170.0 TO 175.0 0.0 ... . .. 0.7 12.0

175.0 TO 180.0 0.0 0.0 3.2
180.0 TO 185.0 OO . 0.0 0.1

185.0 TO 190.0 0.0 0.0 0.0
190.C0. T 195.0 ...... Q.O 0.0 3.0

195.0 TO 200.0 0.0 0.0 0.0
.. 200.0 TO 205.0 0.0 0.0 . 0.0..

205.0 TO 210.0 0.0 0.0 0.0
210.0 TC 215.0 0.0 0.0 0.0
215.0 TO 220.0 0.0 0.0 0.0

ENTRIES 4546 4528 . . 4558

FADING % HIGH . MID . LOW v

0.0 TO 0.5 0.2 0.1 0.2
0.5 TO 1.0 12.7 9.1 5.7
1.0 TO 1.5 31.3 22.2 18.4

.. 1.5 TO 2.0 16.1 13.4 11.3
2,0 TO 2.5 17,5 20.8 17.6

. 2.5 TO 3.0 12.8 17.1 21.0
3.0 TO 3.5 3.7 6.4 7'4
3.5 TO 4.0 3.5 5.6 5.0
4.0 TO 4.5 1.1 2,6 4.8
4*5 TO 5.0 0_2 0*4 1.1
5.0 TO 5.5 0.3 0.9 3.4
5.5 TO 7.5 0.3 0.6 1.9
6 * 0 - T O 6 * 5 " .. .. . 0 ,o0 2 ... . . . . 0 ° 7 . . . . . . . . .

6 7.5 TO 7.0 0.0 0.1 0.2i 7.0 70 7., 5 00 1 0.1 0.3
S...7 .5 T O B o o 0 ,0 0 . 1 0 .3

8.0 TO 8.5 0.0 0.1 0.1
-- 8.5 TO 9.0 0.0 0.1 0.4

9.0 rO 9.5 0.0 0.0 0.1
9.5 TO 10.0 0.1 0.1 0.4

ENTRIES 4546 .4523 4558

.aoie ". zrequenc- disrr:butions af parn Loss ana :aacng :or S-oana
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DIFFERENCE % HIGH-LOW • HIGH-MID • MID-LOW -

-20.0 TO -13.0 0.0 0.0 0.0
-18.0 TO -16.0 0.0 0.0 0.0
-16.0 TO -14.0 0.1 0.0 0.0
-14.0 TO -12"0 ..0.1 0*1 01_
-12.0 TO -10.0 0.2 0.2 0.2

-10.0 TO -8.0 0.4 0.2 0-2 --
-8.0 TO -6.0 0.3 0.5 0.4
-6.0 TO -4.0 0.3 0.5 0.7' _ _

-4.0 TO -2.0 0.7 0.9 0.8
-2.0 TO 0.0 100 1.3 1.9

. .... 0...0 TO 2.0 1.7 2.8 4-3
2.0 TO 4.0 -1.8 ..7.0 2000
4.0 TO- 6.0 2.9 35.6 32.3 . ......
6.0 TO 8.0 5.9 42.1 9.8
8.0 TO 10,0 15.2 608 2.0

-10.0 TO 12.0 26.3 1.1 __15.6

12.0 TO 14.0 12.2 0.5 li.O
14.0 TO 16.0 3.0 0.2-0.5
16.0 TO 18.0 15.3 0.1 0.0
18.0 TO 20.0 12.6 0.0. 0.2

ENTRI ES 4460 4440 4456

- Table 55. Frequency distributions of path loss differences between
antennas for S-band

7..



259

% > dB February April August November Total

20 0.0 0.5 0.) 2.5 0.8

15 0.2 3.4 0.0 14.7 4.6

10 1.2 13.2 0.6 40.5 13.9

6 7.7 36.5 0.9 65.3 27.2

3 25.1 57.2 3.1 75.3 39.4

0 49.3 72.1 7.0 85.8 52.6

-3 72.5 79.5 10.8 88.6 61.8

-6 93.9 85.7 19.2 91.7 71.6

-10 98.4 91.1 38.5 95.4 80.0
-15 100.0 96.4 63.9 98.4 89.1 o

-20 100.0 98.6 82.9 99.8 95.1

Number of
Observaticns 1202 1058 1278 1249 !7S7

N
I OMSX-band antennas exceed .ertain dB '7alues
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120 : ' • , 4.9 .

12.5,) T ' l. ,0 4o3 Q).',"
13-":'.:) "rr 135.0) q. 1 9.u 12.7 [

15.TC .?. !) 12.1 - 12.7 1109
140.0 I0 1C 145.0 13.3 14.5 4.0
145.0 T( 150.u 22.3 21.3 13.7
15C 255.5 16,4 1l.,E1. . .• - ,. ' . 6 1J. --

A..0 5.7
tl,.5, T' 170,0 1.3 3.3 '+05
170.0 T? 175. ) 0.8 1. 3.2
175. T C 1A ... 1 0.7 1.2
180Cu T(' 1,5.J 0.0 C.4 0.4
1I5.0 TC ) 1 .O 0.0 0.2 0.3
1°";.z.) TC 19'5.3 o. 0I0 i
195.3 T( 200.0 0.0 0.0 1.3
200.) T( 205.0 0.0 0.0 0.22C'%) o ? 213:, 0.n 0o. '.,

210.G Tr 215.0 . .0 0.o ,.0
215.0 T' '2.' 0.,T r.u ). J

;:'4T R I ES -481 815 4 7Q9

F,.i9Ie'G "'% HIrm: ": U)1 • ~, •i

.,3 7C 3.5 .. S . .5(0.5 T?' 1o !!. i03 1O12 3.6 -N
1.' TV' 1.5 11.5 11.9 1-.. &A
1.5 T 2.) 15.' 13.. 14.0,
2.) -( f 235 03 9.2 3.7
2.3 TO 3.) 10.1 13.9 14.9
3.C TC 3..5 6. 1 3.4 14.
3.5 T J 4.) 2.3 3.3 1
4.0 TP 4.5 4*.7 5.4 5.2
4.5 T 0 5°') 102 2a,6 3oi
5.0 Tt 5.5 3.3 3.6 3.0
•.5 ". 6..)3 - 2.1 2.o3 1.3." TC 6°5 i.0 •'2 1.0"- • . ..

7.) 1.1 . .
7.) . 7., 2.4 1.2 ".47.5 T2, 3.o' 1o0 -• '•7o A- 100co 9.8,
e.. T0 C3. 5 1.2 1.2 0.6 •.,
3.5 TV f . " 0.7 0.3 0.1 iC•..) T"~. 9.5 0..3"- 0.3 ¾-. 1 , :,

"C,. 5 T.r 1.5 ., ;•

aoie 37. Frequency :is-)_bu-cns :: -ari. -,ss ind naa-ing :r .'-•ana
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IP!:F CE-QC. I sIGH-L2;J HIGf-MIr X rI0-L.w

-2'; " I1 - 13. Q 7.2 ' 5 0.7
-Ibou - -16.0 2.1 0.5 0.9
-16.' T" -14.4. 2.8 0.7 1.6
- 14.'T 12.0 3o6 135 2.9
-t12. f TC -1 )0 4.1 2.4 4.2

. -8.0 4.2 3.1 1.9
-,3.0 T, -_5o0 4*0 4* ý 5*5
-6.1 TO -4.0 5.7 5.2 2.i
- 2. ) 2.69.5 ... 3
--2o3 T,7 5.0 .5 11.4 1().7

n .' TF 2.,) 7.4 14.0 13.0
2.: T[L 4.0 Q.2 15.) 9o2
4.0 TO 6.0 8.6 13.0 9.O
6.0 'r> 9.') 7.1 8.3 6.0
8 o T r7 10,) 6.4 56 2.z3

10.) TO 12.0 3.9 1.9 0.7
12.0 TO 14.0 3.7 1.3 ).3
1 oI.) TO 16o0 3.0 0.5 ).1
16 ..) Trc% 1)~l. .211
18.,-" T 2:,. 1.6 1, 2 "Ie1

ENTR I ES 47 37 4403 4794

D E T I;'•_ C, nH m 10D 1 L C

:3 Tc 2O:0 4.o !0.? 15.T:
20.1 .I 3T..: 3 4.0 26.2 21.7
30 .r T: 4:.0 9I.o 17o4 11.3
40.3 '1: 5r.0 6.' 7.5 5.7
50. v TO o0.0 2.i 4.5 2.7
6'01 T' 7:o0 2,7 3o2 2.0
70.' TO C h). 2.8 2.0 2.1
•0.) rs 0).0 2.6 2.4 2.7 a
90.0 T" 130,0 3.3 2.6 2.7

In,;.) , " ,J. , 2.4 3.1 Z.4
1 2.7 2. ?72

I .,1 T L .. 7 2.5 2.3
!4,,o.) T.' 15010 2-05 1.3 3*2

Ti 15;." T 150.:) 1.3 1.9 2.8
1o.v. , T," 173.) 1.4 1.3 2.2
17... T ' ) 1.4 1.1 2.7

- *19' " ' .. 3,4 i.3 b
="• : •; " 7a•3 - 7" -3

:able 38. 7recuenc-; iisr::butr:ins )f -Dacrh ss :i::erenca and :e.ec:i On
:ange for X"-band

q IM
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T .. . ' > H 'J •> ',> L •

o2 1NI.*0 100.0 !)0.0

3 61.4 62.q 63,3
40. 41.4 45.5 52.1

-,.. 3L,.5 38.0 46.3
0 .0 31o7 33,5 43.6

70.0 20.0 30.3 41.6
*30.0 26.1 27.4 39.6
90* ) 23.5 25.3 35.9

V) • 0 2' 3.2 22.4 34.1
11:. "17.e 19.3 31.7
120o D 1501 16,6 2q*4
13.) •1 3.3 13.2 25.5

11.6 10.6 24.2
1590 q.2 8.9 21.0
1607 7.9 6. 1:3.2
17-. 6.5 5.7 13.*1
13).0 4.q 4.6 13.4
I I) 3.I 3.4 11.3

2 -0.' -0.0 -0.0

"E KNTRI S -479q3 4783 47ý3

AN G E' - 11•,•. .', F F ; L4G~ 2, IGH '1 • oI - '

m•; r -45.3 . ... 27. . .... 8.9. 22-9 - "

-45.C T)-43.0 1.2 1.3 1.4-4o":. r " - '" 27' - 89 - 22
-0 -15.- 1.4 1.5 1.6

-35..: T: -35 , 4. 5.2 5.4
-5,0.. 2' 5 3 1 1.7 1.7-

-2.0 T:" -3.) 16.3 2b.4 24.
5.J0 T" -150 11.5 -21, 9 172

1I . 5 .t"0 I 2.3 3.6 2.8
1 T -5.) 4.56 5.2 5.2.5

-520 Tr J.0 6.1 10.5 13.6
.5Q TC :5.0 1.2 21.20 24.2

• 5.3 Tri l')5 11.5 112) 7*2; .: T ' -If5 . " " 4.4 2 5 . . . . . ..

-=" rT 25ov 2o 1.05. k .

2'5 .• C- 3 1~ 1.9 ."
3". • T-.. 35.0 1 .g 2.1 . "
J5, D T,- 40.,) _1.2 1.2 O.4 _

45.2 T 5-2° .. : .6.7 1.2

= 4783 473l? 4783 .

TabLe 59. Cumulative distribution of derecrion range 3nd freauency
;istr.-ibunron -.f aeac=c-on range- 'if:erencts- or ...-oand

~ ~ ~72



KU BAND, AUGUST - NUVE.M1LER 1972

PATH LOSS I-HIGH .. _ID . .T LOW

120.0 TO 125.0 0.0 .... . . 0.0 .0.0 .........- ,-

125.0 TO 130.-I 0.0 0.0 0.0
130.0 TO 135.0 0.2 0.5 0.9
135.0 TO 140.0 0.8 ,4.9 9.0
140.0 TJ 145.0 _ 6.4 15.8 a -22.8
145.0 TO 153.0 22.0 25.o 15.3
150.0 fi) i55.0 25.5 15.2 13.0.
i55.j T3 160.0 17.7 13.7 13.6
160.0 TO lu5. 0  12.3 8.9 11.9
165.0 TO 1(0.0 7.9 8.5 6.8
170.0 TO 175.0 ... 5.0 4.8 . . . . 3.3 . .. . .I
175.0 TO 160.0 1.' 1.5 1.8
1800. TO 165.0 0.6 0.3 .I -

185.0 TO I90.0 0.1 0.2 0.6
190.0 TO 195.0 0.1 0.0 0.0

igTsoird i.-o 0.0 _0_.0d 0-.0
200.0 TO 205.0 0.0 0.0 0.0
205.0 TO 210.0 0.0 0.0 0.0

210.0 TO 215. 0.0 0.0 0.0 ___

215.0 TO 220.0 0.0 0.0 0.0

ENTRIES 177i; 1770 1770

" FADING r4i6GH .M10 ... LOW ------

0.0 TO 0.5 1.5 1.3 1.3 I,
0.5 TO 1.0 0.8 0.4 0.2
1.0 TO 1.5 11.2 11.4 8.5
1.5 TO 2.0 2.9 37.0 3.3....- -

2.0 TO 2.5 0.0 1.3 2.3
2.5 TO 3.0 25.3 25.4 27.2 "______-
-3.0 TO 3.5 1.0 2.3 4.2
3.5 TO 4.0 8.0 7.7- -7.9
4.0 TO 4.5 0.7 1.2 2.6
4.5 TO 5.0 0.1 0.3 0.6
5.0 TO 5.5 3.8 3.5 2.7
5.5 TO o.0 2.0 2.0 1.8 -.....
6.0 TO 6.5 6.4 4.5 2.9
6.5 TO 7.0 2.0 _ 1.5 " "
7.0 TO 7.5 2 .5 .. . " .5

7.5 TO 8.0 1.9 2.5 3.6
8.0 TO 8.5 3.8 2.0 1.2
8.5 TO 9.0 3.9 _ _7 2.7_ _.__ _

99.0 TO .5 1.7 1.5 1.3 -- __

9.5 TO 1.0.; ... 20.o 22.7 22.8 .

ENTRIES .1-778 1770 1770 _1

-able 50. Treauenc?_ discriburtons -:ar -ss '-od "aina :-r _u-band

_M _ t A,7•



KU BAND, AUGUST -NOGVEMABER 1972S...... •'--- 64-.. . . .• .

OIFF•RENCE " I-- ................................ i -...

0 F EC H IGH-L OW ., H GH-c.11D- X, ".4'1U-

-20.0 TO -L6.0 4.1. . .

-18.0 TO -1o.0 3.0 0.4 1.3 "__
-16.0 TO -14.0 3.6 1.0 1.8
-14.0 TO -12.0 _4.8 .. .. 1.6 J..2
-12.0 TO -10.0 5.6 3.1 3.6
-10.0 TO -3.0 6.3 5.9 4.9
-a.o TO -6.u 7.2 . .5.6 . . . .. --

-6.0 TO -4.0 9.;3 i.4.0 b.8
-.. 4.0-TO -2.0 8.3 14.0 8.4 -J

-2.0 TO 0.0 10.1 12.9 12.6
0.0 TO 2.0 8.5 . 3.6 .1.3
2.0 TJ 4.0 9.3 10.6 11.6
4 .0 TO 6.0 .. 4 6 --.1. 9 .5

6.0 TO 83.0 4,. 3.3 6.9 __

.. .... O t- 3.5 1.6 4.3
10.0 TO 12.0 2.1 0.6 2.1
12.o TO 14.0 1.1 0.2 1.6
14.0 TO 16.0 1.1 0.1 U.8
16.o TO '1.o 1.1] 0.0-- 0.3
10'.0 TO 20.0 0.8 0.0 0.1.

ENTRIES ... 17t8 -- 17b9 1765

Table 61. Frequency distributions of path loss differences between
an .ennas for Ku-band ..... ... ._

""-
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Calculated M
Season Reversals in % Reveasured i

(10 < 6 < 30 m) Reversals in %

Winter 41 51

Spring 36 28

Summer 33 93

Fall 48 14I

Year Average 39 47

U
Table 62. Calculated and measured antenna reversals

I

-N



266

X. APPENDICES
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A. Detection Range Calculations

An important consideration in interpreting path loss results is the

implied maximum range of detection for some assumed radar and target. A

technique has been developed that directly relates the measured path loss

at 19 nautical miles for all three antenna heights to predicted derection

range. The radar that is assumed is one which can just detect the target

at 200 nautical miles in free space. All detection range results pre-

sented here are for this same radar and target combination. Figure A 1

shows the theoretical dependence of path loss on range for all three antenna

heights at 9.6 GHz for a variety of duct heights. These calculations are

the results of a full wave computer solution using realistic log-linear

distributions of refractive index in the boundary layer. The free space

path loss at 200 nautical miles at 9.6 GHz is 163.5 dB and is indicated in
t -

Figure A 1 as a threshold. Any case for which the path loss is less than

this threshold is defined as being detectable and any case for which the

path loss is greater than this threshold is defined as being undetectable.

Thus the maximum range of detection for any of the sample duct heights

shown in Figure A 1 is the range at which the path loss first exceeds the

200 nautical mile free space threshold. From the curves in Figure A I it is

therefore possible to relate certain discrete path loss values at 19 nau-

tical miles to detection range. Figure A 2 shows a tabulation and a plot of

these path loss values versus the corresponding detection range for each

duct height and antenna height of Figure A .. The so id cur'=e in Figure A 2

is an empirical fit given by the relation

R = 6 - 338/(136-L) L > 142 (1)

R = 1397- 9.4L L < 142 (2)

ww ',. • , •• -•' w.,', "w-' .••yj - J,.' •-',.•, .•*- I,
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where A is detection range ;, nautical miles and L is ?ath loss in dB. ThnI.s

fit is considered to be conservative since it will normally underestimate

the detection range for low path loss values as shown in the table. It i

will also normally underestimate the detection range for higher path loss

values which are due to higher order modal interference as exemplified by the

one point for the high antenna which does not fit the curve. it is interes-

ting to note that equations (1) and (2) are independent of antenna height

thus making the computation of detection range quite simple. The frequency

distributions of detection range shown in this report were prepared by

simply calculating the detection range using the above equations on a mea-

surement by measurement basis for all three antenna heights and then dis-

tributing them for each measurement period. This procedure has only been

carried out for the X-band measurements because of the higher sensitivity

of X-band to the evaporation duct but could easily be extended to the

other frequencies as well.

LI

14

I
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---- --- --- --- (a) High antenna
160- Frequency: 9.6 GHz

-- ,Z,4 Transmitter antenna:

180 ~Receiver antenna: 64
-J Duct heights in feet

indicated200

2201

20 16 26 3b 11h -.6 60 70 80 so 10o

NUYI~CqL MILES
.12

m (b)Mid antenna
Z ~200 IADCL outs IOU AC= iimN" Receiver antenna: 32 -

:8 Frequency: 9.6 Gl-z
I Transmitter antenna-

200 C

0 t0 20 3b 40b S6 60 70 80 90 bO0
NP.lUTICAL MILES

140] ( r -c) Low antenna4
- --~Receiver antenna: 16

Frequency: 9.6Ghz
160 1 Transmitter antenna:

1 0

200]0.L

220-
2'4G-

--iure A 1. 2.~icuiared p ar-l Loss -er -us r~tn ge for ::ýe :-hree sniranna he 2.,h csI
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S120.
,-4

0140-0

4,o High antenna0Cd 10 0 + +Mid antenna
z16
0%* Low antenna

02 180

02
200,

S2 2 0.
0 20 40 60 80 100 120 140 160 180 200

Detection Range in Nautical Miles

High Antenna Mid Antenna Low Antenna
Duct Height Path Loss Det. Range Path Loss Det. Range Path Loss Det. Range

(Feet) (dB) (Nau. mi.)

0 173 16 184 14 192 12

9.4 163 19 170 16 176 14

18.9 156 23 158 22 161 21

28.4 147 35 145 37 149 34

37.9 140 87 138 97 138 97

200+ 134 200+ 132 200+

76.4 158 39 14i 200+ 129 200+

Figure A 2. Path loss at 19 nautical miles versus detection range

2



DU
B. Radiosonde Profiles

I Radiosonde profiles were obtained using 403 MHz transmitters and

Beukers receivers. They were optically tracked for wind information. The

individual profiles with the launch time in GMT are listed in the following

presentation which is self explanatory. Some of the profiles for the 7

November 1972, 0751 Z launch are shown twice. In the second presentation

the original chart recorder trace was read in very small increments and

with maximum resolution. This was done in order to show that small fluctu-

ations ignored in the first presentation did not represent significant

refractive changes.

i,OU

I--M
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"I icsuM zsu

HEIGHT (i) I 't

-- 1400-

- 800o-

- 400-

RH (I[) -- "N' UNITS - WIND VEL.(•)

g'-' - -"l ' r -- - r -- -i r'- - - r- '- i
0 10 20 30 210 300 320 0 360

t(*) .P TEMA WIND OIR. -..

H E IG H T ( m ) • m l • M m m . Go GS inc H .
+•

i I iI.o

"-1400--

-1200-

-8 100-- II

0 so 0 25 300 30 0 5 10
RH,(%•) ---- 'N" UNITS W IND VEL(-a .-) -.- - i

r "-" - - "n - - i r- - r - - - - i r " ,r •. .

I Ir
040 10 2 0 23 0 2

I I*)PtTM O)- IDDR

N i4 I I !II I
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'HEIGHT (t WOW. 0'' KI.

M..1  l mo. ow s z~7 s?.. 1°2 lKU Oe2 ••'

- 1400.-

II

-1000-

4 00-

-200 -

0 r I , I I I I

0 so 100 230 300 350 0 5 10 •Sz
RH (%) - "N" UNITS - WIND VEL(.M.)
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